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CHAPTER I . INTRODUCTION AND REVIEW OF LITERATURE 
One c lass of problems in economi cs that has r esisted at tack until 
1951 concerns the effect of transportation costs upon local price and 
commodity movements when traders are located at many different points . 
Though the problem was known t o be exi s t ing long before , no elegant met hod 
of solution was known . It is due to the pioneering work of Enke (3) that 
these probl ems came into the limelight of quantitative met hods i n econom-
ics . His work innnediately caught at t ent i on of economists . In the next 
year 1952 , Samuelson (14) published his article consi dering t he probl em 
from the s tandpoint of economic theor y . He also suggested a convenient 
algorithm to solve the spatial equilibrium pr oblem . Fox in 1953 actually 
used Samuelson's suggestion to empirically evaluate the spatial equilibri-
um situation in livestock feed industry of U. S . A. (8) . In 1964 Takayama 
a nd Judge (17) attacked t he problem f r om a different viewpoint . In their 
paper they attempted t o indicate how spatial equi librium formula tions in 
the case of linear well behaved r egional demand and supply functions can 
be converted to a quadratic progr amming problem . An algorithm was speci-
fied which could be used to obtain the competitive solution . Most of the 
recent works of the economists are centered around Takayama and J udge's 
me thod . The method which we wil l use in our experiments is a strictly 
trial and error type . One distinct advantage of this me t hod is that it 
is simpler in operation and in theory than the quadratic models . Thus 
it can be manipulated easily t o suit our purpose . 
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The world is divided into ten regions, between which , we have tried 
to simulate t r ading pattern of two conunodities : rice and wheat . The 
regions ar e (1) Uni t ed States and Canada, (2) South America , (3) United 
Kingdom, (4) Other Europe, (5) Africa, (6) Middle East, (7) Asia, (8) 
Southeast Asia, (9) Japan, and (10) Australia and New Zealand . A de-
tailed breakdown of each region is given in the Appendix . The list of 
experiments considered consists of (1) determination of equilibrium 
prices and equilibr ium trade of rice and wheat--simple and with substi-
tution , (2) measur ing the effect of ceiling and floor prices in different 
countries on international trade and equilibrium situation, and (3) 
measuring the effect of import tariff and export subsidies on equilibrium 
situation. We have taken 1966 and 1970 as our period of experiment be-
cause consistent data was available for this period. We have not at-
tempted any forecasting in this dissertation . In the next chapter i.e. 
in Chapter II, the model and the solution algorithm will be discussed in 
detail. In Chapter III we will treat the specific structure of the experi-
ments, preparation of data and the results . Possible extensions of the 
algorithm and the experiments will be taken up in Chapter IV . It will 
be seen that this "trial and error" method can solve a variety of models 
which yield extremely meaningful results for policy formulation . Chapter 
V will be the concluding chapter . 
However, the algorithm developed in next chapter rests on works of 
economists mentioned earlier . As a background of Chapter II, we will 
br iefly analyze the papers of Enke, Samuelson and Fox. 
3 
The first explicit statement that competitive market price is 
determined by the intersection of supply and demand functions has been 
given by A. A. Cournot in 1838 in connection with the problem of price 
relations between two spatially separated markets. Stephen Enke in his 
paper (3) generalized the problem of interspatial markets and gave it an 
elegant solution. We discuss Enke's approach considering a three region 
case. The problem can be stated as follows: 
There are three regions trading a homogeneous good . Each region 
constitutes a single and distinct market . The regions of each possible 
pair of regions are separated--but not isolated--by a transportation 
cost per physical unit which is independent of volume. There are no 
legal restrictions to limit the actions of the profit seeking traders 
in each region . For each region the functions which relate local pro-
duction and local use to local price are known, consequently, the magni-
tude of the difference which will be exported or imported at each local 
price is also known. Given these trade function and transportation 
costs, we wish to ascertain: 
(1) the net price in each region, 
(2) the quantity of exports or imports for each region, 
(3) which regions export, import or do neither, 
(4) the aggregate trade in the commodity, and 
(5) the volume and direction of trade between each possible pair 
of regions. 
For each region (R), at each several local price (P), the export is 
local production minus local use at that price. Imports are viewed as 
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negative exports. The price function in region 1 at which local use 
equals local production will be A
1
. If trading functions are linear 
E
1 
= b
1 
(P
1
-A
1
), E
2 
= b
2 
(P
2
-A
2
), etc . The trans~ortation cos~ between 
~ and R
2 
which is assumed indep~ndent of volume, is symbolized by T12 
and j,n reverse direction by T21 . The conditions for 
general equilibirum 
are that total exports equal zero (when imports are negative exports) and 
that the price in each importing region be equal to the price in each 
region that exports to it plus the freight cost per unit from the export-
ing to importing region. 
The essential difficulty is that one cannot tell, from only a knowl-
edge of A and T values, which regions will export, import or not trade at 
all. Even if A3- A1 
> T13 , there may be a flow of trade from R2 to R3 
which reduces P
3 
sufficiently below A
3 
that trade from 1 to 3 may not be 
profitable. 
A numerical example clarifies Enke's idea about trading pattern . Let 
us suppose A
1 
= $6, A2 = $11, A3 = $14. Further let T13 = $4 , T12 = $3, 
T23 = $2 . R1 must export to R3 and P3 must be $4 higher than P1 . P2 
must either be $3 greater ·than P
1 
or $2 less than P
3
. It cannot be both 
because P3-P1 = $4. If it is possible to extract very large exports from 
R1 at a $7 or $8 price, while R3 will absorb only small import quantities 
at a $13 or $12 price, P1 will rise less above $6 than P3 
will fall below 
$14. Hence R2 will become an importer and P2 will fall below $14. Also, 
R2 will become an importer and P2 will be $3 higher than P1 but less than 
$2 below P
3 
so that R2 and R3 will not trade with each other. Once the 
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role of R
2 
is known, the three-region case can be reduced to a two- region 
case for solution . If R2 is an importer, to the trading functions R2 
and R
3 
can be expressed in terms of~· Thus instead of P2 , we write 
P
1
+T12 , and P1
+T
13 
for P
3
. The equation E
1 
= -(E2+E3) can be restated as 
Obtaining numerical values for P2 , P3 , E1 , E2 , and E3 
is now straight 
forward. 
When number of equations become large, it becomes extremely difficult 
to obtain answers through mathematical procedures . An iterative method 
must be adopted. Due to unavailability of modern digital computers Enke 
ingeniously devised an electroanalogue model of the spatial equilibrium 
problem. More detail about the analogue model is beyond the scope of the 
present dissertation . 
Proceeding f r om the Enke formulation, Samuelson in his paper (14) 
showed (a) how this purely descriptive problem of non-normative economics 
can be cast mathematically into a maximum problem and (b) to relate the 
Enke problem to a standard Koopmans- Hitchcock minimum- transport cost 
problem. We now discuss his approach . 
In the Cournot- Enke problem, we are given at each of two or more 
localities a domestic demand and supply curve for a given product (wheat 
or rice) in terms of its market price at the locality . We are also given 
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constant transport costs for carrying one unit of the product between any 
two of the spec ified localities . We have to determine the final competi-
tive equilibrium of prices in all the markets, of amounts supplied and 
demanded at each place and of exports and imports. 
The above formulation contains the following Koopman-Hitchcock 
problem: A specifi ed total number of (empty or ballast) ships is to be 
sent out from each of a number of ports. They are to be allocated among 
a number of other receiving ports, with t he total sent in t o each such 
port being specified . If we are given the unit costs of shipment between 
every two ports, how the total transport cost of the system can be 
minimized. 
It is to be noted that total shipments in or out of any one place 
are unknown in the first problem, whereas, they are given in the second . 
Hence the first problem is more general and includes the second . It sug-
gests that the first problem, which initially is definitely not a maximum 
problem, but might be convertible into a maximum problem. There is 
general methodological and mathematical interest in the question of the 
conditions under which a given equilibrium-pro~lem can be significantly 
related to an extremum problem. 
Figure 1.1 (page 7) shows the usual back-to- back diagram determining 
the equilibrium flow of exports from market 1 and 2 . The pre-trade 
equilibrium prices were a1 and a 2. Since the pre-trade price is lower 
in 1 than in 2 , trade can take place from 1 to 2. Assuming the initial 
differential in prices exceeds the t r ansport costs, there will be a flow 
7 
p 
~--~~~~~--~~~~~ Q1 
Tl2 
Figure 1.1. Equilibrium among two spatially separ ated markets . 
8 
of export from 1 to 2 until P
2 
becomes equal to P
1
+T12 . The equilibrium 
price can be conveniently represented by the point C, corresponding to 
the intersection point of the excess supply curves ES1 and ES2 . Thus 
P
1 
= C-T12 , P2 = C. The new equilibrium point is at B, where the excess 
supply on exports of market 1 exactly equals the algebrically negative 
excess supply or import of 2. 
If A2-A1 < r 12 , the markets would have been split up and no trade 
took place. Also, if A1- A2 > T21 , trade would have taken place in op-
posite direction . Thus, the problem of spatial market equilibrium can 
be generalized to be composed of following non-linear equilibrium 
conditions . 
a. If P. 
J 
any nonnegative Eij may flow, Eij > 0 implies Pj p i+Tij 
b . If P. < p .+Ti., E .. 0 
J l. J l.J 
If P. < P.+T .. E .. = 0 
l. J J l. J l. 
c . If P. p .+T.j 
J l. l. 
Then E . . > 
J l. -
0 , [i,j 1---- n] . 
Defini ng social ~ off 
Samuelson in his paper defined the net "social pay off" function of 
the two regions as NSP = "social pay off " in 1 + social pay off in 2 -
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transport cost. The social pay off of any region was taken as the 
algebraic area under its excess demand curve. 
Following t he above definition we can draw Figure 2 . 1 which indicates 
how the combined pay off of the two markets varies with algebraic exports 
from 1 to 2. From this we subtract the curve of total transport cost 
and we find the equilibrium where the vertical distance between two curves 
is at a maximum. 
Thus according to Samuelson's exposition, once the separate pay off 
functions are set up as areas or integrals of t he excess supply curves 
and once transport cost functions are known we can experimentally vary 
exports so as to achieve a net maximum . A trial and error method would 
be most suited . 
The results shown previously can easily be generalized for "n" 
regions. 
The net social pay off (N . S.P . ) function can be defined as 
n 
NSP r Si(Ei) - r r tiJ. (Eij) 
i=l i<j 
where S . (E.) 
l. l. 
= -
~i 
a r ea under the excess demand curve ~ 
0 
Si (x) dn 
and Si (Ei) = P. i.e. excess supply functions of the regions are known 
l. 
and transport cos ts ar e assumed as functions of t he volume of export . 
Now by maximizing N. S . P . for n regions we can arrive at the final unique 
equilibrium trade pattern . 
10 
N. S.P . 
u 
0 
Figure 2 . 1. The net social pay off function . 
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Thus the problem in descriptive price behavior can be artificially 
converted in t o a maximum problem. The maximum problem can be solved by 
trial and error or by a systematic procedure of varying shipments in the 
direction of increasing social pay off. 
Once the exports are determined between any two places, it is 
obvious that the total exports of any and every place are also determined. 
Some of the n regions will end up as positive net exporters, some will 
end up as net importers, some may even end up in perfect balance, with 
zero imports and exports. 
Samuelson argues that the export flows E .. 's determined in this way 
1J 
does minimize the transport cost. Since Enke's solution does maximize 
the net social pay off, and since the expression [~Si (Ei) in N. S.P . de-
pend only on regional total export (E
1 
--- E
0
), it follows that maximiz-
ing N.S . P. would be impossible unless the E . . 's were optimal for minimiz-
1J 
ing transport cost . Thus the Cournot-Enke problem does have inside it 
the Koopman's problem. 
In 1953 Fox applied Samuelson's idea in solving an actual empirical 
problem. In his paper (8), he cons idered a s pa tia l equilibrium model of 
the livestock-feed economy in the United States. As the pioneer empiri-
cal paper, his model and important results are discussed briefly. 
The logical structure of the problem to be solved for the livestock 
feed economy was precisely that described by Enke . Given the trade func-
tions and transportation costs, he wished to determine: 
1. net price in each region, 
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2. the quantity of exports or imports for each region, 
3. which regions export, import, or do neither, 
4 . the aggregate trade in the commodity, and 
5. the volume and direction of trade between each pair of regions . 
As the method of solution he used the "trial and error" technique suggested 
by Samuelson with an intuitive guess about the possible trading pattern . 
In this way he was able to solve a spatial equilibrium problem without 
the help of any high-speed digital computers. 
The problem actually solved by Fox can be stated as follows: 
Given (1) the demand function for feed in each region and (2) the. struc-
ture of transportation costs between regions, we are to find the equilib-
rium values of feed prices and feed consumption in each region and the 
net quantities of feed shipped over each inter-regional path as a result 
of any specified values of regional prices of livestock, feed production 
and number of livestocks . 
The arithematic demand function used by him is as follows: 
p 
e 
where P 
e 
Qf 
= 2 . 6873- 3.5°rf" + 0.0135 P
1 1 
average price of corn in dollars/bushel 
Qf = quantity of feedgrains available in millions of tons 
N1 = number of grain consuming livestock 
P1 = price index of livestock price. 
To start with a national demand function in logarithmic form was fitted. 
The price elasticities with respect to feed grain availability and 
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livest ock price were estimated. The demand function was then converted 
to an arithematic form in such a way that these price flexibilities 
were realized for appr oximately the actual values of U. S. farm pr ices, 
l ivestock price and availability of feed in the period under study. 
The U.S . was divided into 10 regions. Substituting the values of 
the independent variables, the regional prices could be calculated . 
Then using the regional production figures for Qf, he arrived at 10 re-
gional " pre- trade" prices. His logic in arriving at the quilibrium solu-
tion runs as follows. 
The requirement for equilibrium solution is that no individual can 
make a profit by shipping additional units from one region to ano t her . 
This follows directly from Samuelson's non- linear conditions of spatial 
equilibrium, if profit is defined as the price differential at t he equi-
librium netted by the transport cost . If one region ships to another 
region the prices must differ by the amount of the intervening trans-
portation cost . If two surplus regions ship to the same deficit region, 
the difference between equilibrium prices in the surplus region will be 
equal to the difference between their freight rates to the deficit re-
gion. Thus an equilibrium solution for the whole system involves a 
precise structure of regional prices bound together by specific freight 
r ates (except for regions which prove to be self-sufficient under given 
conditions) . Thus the objective of the trial and error method becomes 
one of determining the consistent trade and prices which will satisfy 
the spatial equ~librium condtions. 
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Fox used an intuitive approach t o set up a possible initial trading 
arrangement between the regions. The arrangement implied a per fec tly 
definite structure of price differentials in which any one regional 
price can be taken as the base point. Using the regional demand func-
tions the consumption of feed in each of 10 regions was calculated on 
the basis of assumed price in the base region. The total feed consump-
tion was checked against the fixed available supply. The price adjust-
ment necessary to equate the U.S. feed consumption with the available 
supply was calculated . The adjustment gave the equilibrium prices in 
each region (assuming the specified arrangement) and the equilibrium 
rate of feed consumption. Comparing the regional productions and re-
gional equilibrium consumptions, the net exports and imports were cal-
culated. In conjunction with the assumed arrangement, the precise 
quantities of feed shipped over each inter-regional path was then 
calculated. 
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CHAPTER II . THE MODEL AND THE SOLUTION ALGORITHM 
The Model 
The problem of spatial market equilibrium can be stated as follows : 
there are N (say) regions trading a homogenous good. There are trans-
portation costs prevailing between each pair of regions which are inde-
pendent of the volume of shipment. Each region has a demand function 
of type p = f(q), p being price and q being quantity. We are to find 
the equilibrium in such a market with different assumptions of the 
behavior of the traders. Formally, such a problem can be approached as 
an oligopoly problem where there is one seller in each region. We will 
now form the problem mathematically: we assume that the regional prices 
are related linearly with the availability of the region: 
~.* - 0 • (IT. + M. - E ) + y Y  µ i . . 1 1 1 1 1 1 
where : 
P. is the price of ith region; 
1 
a.* is the constant of the ith region; 
1 
8i is the constant attached with availability of the region, it 
will be referred to as the coefficient of the demand function; 
IT. is the production of the region i; 
1 
M. is the import of ith region; 
1 
Ei is the export of the region i; 
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Y. is the per capita income of ith region; and 
1 
ri is the coefficient attached with per capita income . 
Considering the production ITi and per capita income Yi given for a 
particular period the price equation can be written as: 
where: 
Prices are considered as linear functions of availability in the market, 
ai being the price at no trade. 
Further, if there are n regions we have 
M. EE .. , E. = rn .. 
1 J1 1 1J 
j=l,n j=l,n 
j=i j=j 
where: 
E .. is the export from ith to jth region. 
1J 
The demand function in terms of export flow can be written as below: 
The net prof it achievable from an export Eij can be defined as Eij 
P. - T .. ) where Pi' P. are the prices prevailing at the two regions 
i iJ J 
and Tij is the transport cost between them. The total net profit of the 
17 
system may be defined as : 
E E(P. - Pi - T.j) Eij 
i j J 1 
i =fj 
Now we discuss the case of competitive equilibrium . 
Competitive spatial equilibrium is the situation where the traders 
are forced to compete with each other to a point of zero profit: 
The nonlinear equilibrium conditions by which we may achieve 
competitive spatial equilibrium in such markets are generally r epresented 
a s : 
(1) If p. 
J 
> pi + Tij 
any nonnegative Eij may flow . 
E .. 
1] 
> 0 implies pj = P . 1 + Tij 
If p. < P. + T .. and if pj < pi+ Tji 1. J J 1 
(2) 
then E .. 0 
J1 
and Eij = o. 
Any regional price differential in excess of the transport cost 
forces a flow in the direction of the hi gher region~l price. 
In the framework of the price function and t he maximizing function 
already developed, the model can be formulated as following: i, j vary-
ing from 1 ton a nd i = j . 
Maximize E E E . . (P. - P. - Tij ) (i ,j = 1 --- n and i:/j) 
i j 1J J 1 
subject to: P . - P. < Tij and pi = Ct - Bi (E E .. E Eij) J 1. - i ]1 j i 
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The constraint set compels the regional monopolists to compete and 
forces the prices to attain such levels that at equilibrium the sum of the 
net regional profit s becomes zero. 
Due to the presence of the particular type of equilibrium criterion 
(P. - P < T . . for all i a j); the optimal exports (i.e., those corres-
J i - l.] 
ponding to equilibrium price configuration) can be determined by a tria l 
and error method. In this chapter we a ttempt to develop an a lgorithm fo r 
I 
such a tria l and error method which can be used as an alternative to the 
usual quadratic programming techniques to solve spatial equilibrium 
problems. 
The Logic of the Proposed Trial and Error Method 
At the initial stage, the existence of the no trade solution divides 
the regions into surplus and deficit regions. Trade is allowed now to 
take place. The trade is initiated by selecting the pair of regions for 
which maximum freight advantage over the price difference exists . We 
allow trade up to the point where regional prices differ only by the 
transportation costs existing between the regions. Repeating the process 
for every admissible pair we will end up in a situation when there will 
not exist any profitable flow from any region. But in the process some 
of the importing regions will continuously import from the sur plus region, 
their price decreasing at every stage. If such a process is continued, 
this may imply loss to some exporting region which has trade relationship 
with the impor ting regions concerned . This stage will be referred to as 
19 
"stage l." Now we start the second stage, stage 2, where we cut off some 
export flows from the exporting region because the whole shipment is not 
profitable at the prevailing price. Here we select the pairs according 
to the magnitude of the loss incurred per unit flow. The price difference 
is brought back to the transport cost level. After repeating the process 
for every such "loosing" pair, we end up in a situation where there is no 
loss existing for the exporting group of regions. But our previous logic 
also applies here. Some of the importing regions will now be found to 
1 have scope for profitabla trade under the spatial equilibrium rules. 
Again we start the first stage where fresh flow takes place. In this 
way the method of "trading" is allowed t o oscillate between the two 
stages until a particular configuration of prices and trade satisfies the 
specified convergence criterion of the two stages consecutively. 
The prices now have attained the equilibrium level. The trading 
arrangement at this stage is the equilibrium arrangement. 
A Relevant Formula for Computation 
In this section we will develop a formula to compute the volume of 
trade necessary between the ith and jth region such that Pi - Pj becomes 
equal to T .. , the transport cost existing between the regions i and j . 
l.J 
Let Pi and PJ. be the regional price and PJ. - P. > T . . where T . . is 
l. l.J l.J 
the transport cost . Thus, trade flow will take place between i and j . 
1 
In otherwords, some positive profit might exist in the system 
under present configuration. 
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The price functions are as follows: 
P. =a . - B. (M. - E . ) 
J J J J J 
where Mi' Mj, Ei, Ej are the regional imports and exports respectively. 
We want to ascertain such flows from regions i to j over the flow 
existing between them so that Pj - Pi= Tij. 
Let 6Eij be the amount of flow. The following equation is then 
satisfied. 
TiJ. = aj - B. (M . - E. + 6E .. ) - a.+ B. (M. - Ei - 6E.j) 
J J J 1J 1 1 1 1 
or 
E .. 
1] 
a -
j 
pj - pi - Tij 
Bi + Bj 
This formula is repeatedly used in the process. 
The Convergence Criterion 
We note the following points regarding convergence of our algorithm. 
Let us first consider the "stage l" of our method. Let the no trade 
prices of the regions be P1 , P2 , ... Pn' n be the number of regions. Fur-
ther, let (P2 - P1 - r12) be the maximum among all (Pj - Pi - Tij) (i and 
j varying from 1 to n) possible at this price structure. Region 1 and 2 
will then be selected for trading. We assume that there is no degeneracy 
21 
in the process, that is, there exists only one maximum . A flow from 1 
to 2 will take place until the price difference is equated to transport 
cost . The changed price structure will be Pl, P2, P3 . .... .. . P0 where 
Pl+ T
12 
= P2· Let us consider all possible trading in this price 
structure. 
Trade may take place between regions 3 and 4 (say, from 3 to 4) for 
T
34
) will have to be selected as maximum , but .P4 
p -
3 
T
34 
is less than P
2 
- P
1 
- T12 , which is assumed earlier . 
The same be-
havior of the price differences will be followed for all trading pairs 
of regions other than region 1 or 2. 
Trade may take place between 3 and 1 (say, from 3 to 1) whence 
(Pl - P3 - T31) will have t o be selected as maximum. But Pl - P3 T31 
p~ 
2 
Thus if some other region is to export to region 1 or region 2, by our 
particular way of selecting the trading pair, region 3 will always be 
selected to export to region 2 rather than region 1 when strict inequality 
exists between T
32 
and (T12 + r 31). Again as p~ 2 is less than P2 , the 
value of the quantity (P2 - P
3 
- T32 ) becomes less than the value of (P2 -
P3 - r 32) which in its turn is less than (P2 - P1 - T12) (as P2 - P1 
r 12)is assumed to be the maximum in the first found) . When equalit y 
exists , either of the regions 1 or 2 may be selected for import from region 
3. 
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Thus if (P
2 
- P
3 
- T
32
), i.e., the initial price difference less 
transport cost for 2 and 3 was negative, no flow could now take place at 
this modified price structure Pi, Pz, P3 .... . Pn. If (P2 - P3 - T32) was 
positive, Pz - P
3 
- T
32 
now might or might not be positive . If not posi-
tive, they will not be selected for trading and no flow will take place . 
If positive, then it has got the possibility of being picked up as maxi-
mum. Still this maximum will be less than the initial maximum of the 
previous round. 
If region 2 is to export to region 4 then (P4 - P2 - T23) is to be 
picked up as maximum. 
Assuming T14 ~ T12 + T24 , 
p4 - P2 - T24 ~ p4 - pl - Tl4 
When inequality between T14 and (T12 + T24 ) exists, i.e . , T14 < (T12 + 
T
14
) region 1 will always be selected for export rather than region 2 by 
our method of selecting the trading pair . For equality any one of them 
may be selected. Again 
P4 - Pi - Tl4 < p4 - pl - Tl4 (as pl < Pi) 
< P2 - P1 - T12 (as checked in the previous round) 
If, to start with, P4 - P1 - T14 was negative, then P4 
- Pi - T
14 
would be always negative at this modified price structure (P , p , 
1 2 
P3 , . . .•. Pn) and it could never be selected as a positive maximum. If 
P4 - P1 - T14 was positive, P4 - Pl - T14 might or might not be positive . 
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If not positive, it could not be selected as positive maximum. If 
positive and selected as maximum, it is still less than the maximum of 
the previous round. 
So all the possible maximums (P. - P. - T .. ) (for all i and j) is 
J 1 1.J 
less than the maximum (P. - P. - T .. ) of the previous round. The nature 
J 1. l.J 
of all the tradings will be analogously determined throughout the process . 
So our method of trading between pairs where "maximum freight advantage 
over price difference exists" converges uniformly. Of course we must 
assume that for all i, j, and k relations of type Tij + Tjk > Tik hold 
good, otherwise the convergence may not be so clear. 
The second stage of flow cut will follow analogous behavior. 
Now we will discuss the convergence of the oscillation between 
stages. 
After the completion of the first "stage 1 11 process corresponding 
to some exporting regions, the relevant price differences will be less 
than the transport cost prevailing between the exporting and the import-
ing region. Corresponding to the remaining exporting regions the price 
difference will be equal to the transport cost. The exports of the 
former category will incur loss. In the second stage we are equating t he 
price difference of the losing pair with the transport cost existing be-
tween the regions by "cutting" some import of the importing regions which 
increases its price. This will disturb the stage 1 equilibrium condition 
that Pi - Pj ~ Tij for all Eij > 0 and some new flows might take place . 
Thus the flow cut required to minimize the loss in stage 2 induces some 
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flows which are to be taken care of in another stage 1 process which in 
its turn will induce some flow cut to be considered in another stage 2 
process . This operation in sequence of pairs is responsible for the 
presence of consecutive first and second stages of the method. It now 
only remains to prove that the magnitudes of flows taking place (either 
a cut or an addition) in these stages are in decreasing sequence . 
Let t:.E .. be the amount of flow cut from the total export of region 
1] 
i in the stage 2 process required to ensure the condition P. 
J 
After the cut the new price of the region j will increase to 
- pi= Tij " 
(P . + t:.Ei. 
J J 
8.) = P~ (say). The amount of flow necessary from any other region k 
J J 
exporting to jth region should be increased. According to the formula 
derived before the extra amount of flow needed is: 
= Pj - pk - Tkj 
ej + ek 
t:.Eii . 8j 
ej + ek 
(Assuming Pj - Pk Tkj) 8j, 8k being always greater than zero, we get 
t:.E.. < E kj ij . 
The induced flow (either addition or cut) is less than the inducing flow 
(cut or addition) in magnitude. This result can also be proved when the 
flow cut in any exporting region induces flow from many exporting regions 
to the same importing region. 
In the context of our previous discussion, after the price of region 
j has attained the equilibrium level with that of region k, the effec-
tive price of the jth region becomes Pj which is equal to (Pj + 8j (t:.Eij -
t:.E~j). Let us assume a flow is still possible from region m to j. From 
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the same formula developed earlier we can determine the flow from region 
m to region j to equilibrate the difference of P and P. with the t rans-
m J 
port cost T . . We also assume P - P = T .. So, 
JID j m mJ 
or, 
or, 
tiE '. = 
IDJ 
tiE'. 
mJ 
tiE'. + 
In] 
P' - P - T . 
j m ID] 
B . ( tiE . j - ti Ek' . ) 
J 1 J 
B + B. 
m J 
B + B. m J 
Similar results can be easily, deduced for n region, and for the reverse 
process where a "flow cut" will be induced . 
Computer Aspects of the Algorithm 
The algorithm discussed in the earlier section fo rms the basis of 
the series of computer programs used in the present experiments. The 
basic computer logic is explained in a simple way in Flowchart No . 2 . 1 . 
However, the actual FORTRAN program , is not presented here . We now dis-
cuss in brief how t o keep track of the export flows generated at every 
stage. 
In a closed regional economy, the imports of a particular region are 
the exports of other regions into it. Thus considering n regions, exports 
and imports of a particular region can be written as 
E. rE .. , M. LE .. 
1 1] 1 J1 
j=l,n j=l,n 
i/j i/J 
N 
Q) 
00 
C1l 
~ 
C/'l 
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Data Input. 
a i·• 8., T .. ]. l.J 
Determine Maximum Possible Flow. 
Max (P. - P. - T .. ) 
J ]. 1] 
No 
Compute Flow According to Formula 
in Chapter II . Compute New Set 
of Prices. 
Compute Maximum Loss Incurred by 
the Trading Pairs. 
Max (P. + T .. - P.) 
]. l.J J 
i , . 
Is Conver gence 
Condition of 
Stage 2 Met? 
No 
i--~--.~-N~o~--' Is Convergence 
Compute Flow According to Formula 
in Chapter II. Compute New Set 
of Prices. 
Condition of 
Stage 1 Met? 
Flowchart 2.1 . A flow diagram of the trial and e r ror met hod. 
Yes 
Yes 
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where Ei = export of ith region, 
E.. export flow from ith to jth region, 
1] 
M. = import of ith region. 
1 
A (n x n) matrix is defined. Each cell of the matrix is associated with 
the flow taking place between a pair of regions. Regional exports and 
imports can then easily be calculated by just sulllllling appropriate rows 
and columns . The matrix is initialized to start with . Export flows are 
continuously updated (either added or subtracted). At the end the matrix 
will contain the equilibrium flows . 
Extension of the Spatial Equilibrium Model 
The most natural extension of the model developed so far is to 
incorporate substitutability between the commodities. 
We consider two commodities viz 1 and 2 and the substitution between 
them. Let the demand functions be: 
where 
Pil' Pi2 prices of commodities 1 and 2 in region i, 
Sil' Si2 =coefficients associated with net exports of commodities 
1 and 2 respectively in ith regi on, 
28 
eil2 = substitution coefficient between commodities 1 and 2 in 
region i, 
' 
si21 = substitution coefficient between commodities 2 and 1 in 
region i. 
The model can now be formulated as follows: 
subject to 
1 .. . n and k 1 and 2. 
where E . . k = export of kth commodity from ith to jth region, 
1] 
Pjk price of kth commodity in jth region, 
T .. k transport cost of kth commodity from ith to jth region. 
l.J 
The solution algorithm is similar. But the actual program becomes 
very complicated as we have to solve two systems simultaneously with 
interaction between them. 
We have considered two further extensions of the model. 
a. Equilibrium with ceiling and floor prices: 
The model can be formulated as f ollows: 
Maximize I: I: I: Eijk (Pjk - pik - Tijk) 
Subject to f pik < 
c 
i ~ l. . . nl}] pik < pik' Assuming price 
bounds are ef-
pik - pjk < T. "k i = n,1 
... n fective for first 
l.J j n1 .. . n n1 of the n regions . 
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f where Pik = lower bound of price of kth commodity in region i, 
c Pik upper bound of price of kth commodity in region i . 
I f price bounds are assumed for all the n regions, the model ceases 
to have the conventional spatial equilibrium proper ties i.e. P. - P < 
J i -
T ... But if some of the regions are taken as free, equilibrium condi-
1.J 
tions will be satisfied for those regions. 
The solution algorithm and the computer program is similar to that 
of the previous model (with substitution). The additional constraints 
can easily be taken care of in the FORTRAN program . 
b. Equilibrium with export subsidy a nd import tariff: 
A s ubsidy is generally used to promote exports while a t ariff is used 
for damping the import . Operationally there i s no change in the initial 
~quilibrium model except for the transport costs which are to be adjusted 
according to the levels of tariff or subsidy . The updated transport costs 
are as follows : 
T. ·~ = T. "k - Bik l.J l.J 
where sjk = tariff/unit in jth region for kth commodity, 
Bik = subsidy/unit in ith region for the kth commodity . 
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CHAPTER III . THE EXPERIMENTS AND THE RESULTS 
The Regions and the Commodities Concerned 
In the preceding two chapters we have developed and analyzed the 
theoretical and computational basis required to evaluate a spatial 
equilibrium trade model quantitatively. In this chapter we discuss the 
formulat i on and the results of an empir i cal international trade model. 
The commodities considered are rice and wheat. For convenience and 
simplifica t ion the world is divided into ten regions as f ollows: 
Region 1: United State s and Ca nada 
Region 2: Latin America 
Region 3: United Kingdom 
Region 4: Europe 
Region 5: Africa 
Region 6: Middle East 
Region 7: Asia 
Region 8 : Southeast Asia 
Region 9: Japan 
Region 10 : Australia . 
We have not included the centrally planned countries . While they 
trade rather heavily with other countries, their negotiations do hot fit 
into a market trade model of the type we present . The detailed break-
down of the regions are given in Appendix A. The classification is 
broadly cons istent with the U.S.D.A. classification (18) . 
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The input data needed in the algori t hm, developed in the previous 
chap t ers , are linear demand functions and transport costs . First we dis-
cuss estimation of linear demand functions . 
Estimation of Linear Demand Functions 
Data situation 
The factors affecting demand are mainly of two t ypes , one external 
another internal. The internal fac tors are the own prices including 
prices of the competing crops . In the present study no attempt has been 
made to measur e the effect of tastes or preferences on quantity demanded . 
The relevant factors considered are: (a) prices , (b) income , (c) popula-
tion . Population does not enter explicitly in the model . It comes 
through per capita quanti ty demanded and per capita income , used in the 
regression equa tion . 
The primary requirement for es timation of demand functions is the 
availability of fairly long time series data of the variables to be con-
sidered . Time series data of population a nd income are easily available 
for most of the countries of the world . Time series data of the quantity 
demanded can be construc t ed f r om other auxiliary data viz pr oduction , trade 
and stock . But data for the domestic prices are very difficult to find ex-
cept fo r a few big countries . These data too, in many cases, are not con-
sistent as one collects them from var ious sources . Fortunately the U. S . 
Department of Agriculture has compiled data pertaining to prod uction , yield , 
acr eage , and prices of all major grains excep t rice for one hundred a nd 
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twenty countries from 1961 to 1970 (19). Data for rice prices, acreage 
and yield are compiled by the Agriculture Experiment Station, University 
of Arkansas and Texas (2) for the same period. These are the main 
sources used in the present s tudy. Thus the length of the time series is 
cut short by the availability of consistent price series , though, there 
are long series data available for the other variables . 
The raw data are adjusted in various ways which are discussed later . 
All prices are then transformed into constant "1963 dollars" to suppress 
the infla tionary effect which is a disturbing facto r in demand analysis . 
The F . A.O . estimate of Agricultural Price Indices are used for the up-
dating (8). 
Consumption of rice and wheat includes use of these crops as feed, 
though very little of them are used for this purpose, as well as food. 
We have used "quantity demanded" in the sense of net availability. Net 
availability includes (a) quantity actually consumed and (b) quantity 
demanded for increase in stock. Symbolically A = TI + M - E - 6s 
where: 
A is the net availability, i.e., quantity actually lifted from the 
market to be used either for consumption or for stock, 
TI is the production, 
M - E is the net import, 
6s is the change in stock. 
It is to be noted when 6s is negative, i.e . , something comes out of 
the existing stock, and thus the market availability increases . When 6s 
is positive, i.e. , some part of (TI + M - E) goes into storage, and we need 
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not worry about the effect of change in stock on availability . The posi-
tive change in stock will be contained in the estimated availability . 
Stock is taken as 'opportunity consumption. ' 
The model 
The computations of this simulation study becomes much simpler if 
linear demand functions are used. Direct estimation of linear demand 
functions poses two problems . The first one is of empirical nature; most 
of the coefficients with respect to prices turn out to be insignificant 
at moderate probability levels . A log linear function on the other hand 
performs much better. 2 The R s are also moderately high in the latter 
case . The second problem deals with proper assumptions of the model . 
The linear demand equations assume a constant price quantity relation, 
whereas the elasticity (~~ p/Q) varies at each level of price and 
quantity. This is undesirable in case of future demand projections where 
we assume constant price and income elasticities. 
Hence we have estimated demand functions of the form 
or log A log ~ + 81 log p + 82 log ps + y log I 
where 
A is the net availability per capita, 
p is the "own" price , 
Ps is the price of the closest substitute, 
I is the income per capita, 
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a
1 
is the "own" price elasticity of demand (to be estimated) , 
8
2 
is the cross price elasticity of demand (to be estimated), 
y is the income elasticity (to be estimated) , and 
log a is the intercept term (to be estimated). 
Linearization of the log-linear demand function 
After statis tically estimating the log- linear demand functions we 
determine a consistent linear counterpart of the parameters which are to 
be used in our models. The method is simple and rests on fundamental 
definition of elasticities. 
Let the linear form of the demand function be as follows: 
where 
a* ' y * are new set of parameters in the linear 
equation. A and A are net availabili ties of the crop under study and 
s 
its closeout substitute. Hence, 
1 
A = -- (P - a* - 82* As - y* I) 81* 
dA or-
dp 
Hence, price elasticity s
1 
dA 
dp 
p 1 
A = B * 
1 
p 
A 
Thus given levels of P, A, and the estimate of 8
1 
we can easily determine 
the consis tent value of 8
1
* to be used in linear demand equation. The 
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relation between the cross price elasticity and the "cross price-
quantity relationship" can be derived as fol lows . The demand functions 
for the crop under s tudy and its closest substitute can be written as: 
p 
Substituting va lue of A from the second euqa tion in the first we have 
s 
p B2* a* + Bl* A + -B * (P 
ls s 
dA B * 2 or 
dP B >"< Bls * s 1 
p B * p 
Thus the cross price elasticity B2 dA s 
2 s 
dP A B * Bls * A s 1 
Again given Ps, A, and estimates of B1*, Bis*' and B2 we can calculate 
B * 2 • From the log-linear demand function of the substitute crop, Bis* 
can be calculated in the same way in which B
1
* is calculated from B1 . 
The relation between y* and y is as follows: 
Y Y* I 
B * A 1 
Hence , y* can easily be derived given y*, B
1
* , I, and A. 
In the equation P = a*+ B1* A+ Bz* As+ y* I we have determined 
values of B1*, B2* , and y* from the knowledge about the elasticities . The 
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elasticities in their turn can be estimated or can be taken from other 
reliable sources like analysis of family budget data etc. The parameter 
a* can be evaluated for given levels of P, A, A , and I. In this way we 
s 
are evaluating the parameters such that the elasticities equal to some 
given value. For a very short term forecasting (one or two periods at a 
time) this model should perform fairly well as none of the quantities A, 
As, or I changes abruptly. Parameters a*, 8
1
*, 82* can be calculated at 
each period to be used in forecasting price for subsequent one or two 
periods. After that they can be recalculated. Statistically we are not 
using the BLUE estimates of regression equations . The evaluation of the 
term (81* A+ 82* As+ y* I) gives in a combined expression for P +a*. 
If P is known , we can determine a* as a residual . This a* is consistent 
for only that particular year for which it is evaluated . The a* can be 
used to forecast future price as fo llowing : 
a . We can take a * (price is assumed known for period t) to predict 
t 
price for year t + 1 as 
P ( t + 1) = a * + 8 * A + 82* A + y* (A, A and I for period t 1 s s 
~ + 1) are assumed known) . 
b . We can take the mean value of a* over the periods under study and 
use the value for predicting future price . 
c . We can fit a* with some control variable like A, A and I and 
s 
use the regression equation to get future values of a* . The pre-
die ted value can be used to determine future price. Interesting 
enough, regression of a* with I, i.e., per capita income yields 
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2 a high value of R . It indicates fai r amount of time trend 
in a*. 
Empirical results 
The price data as compiled by the U. S. Department of Agriculture 
(19) are in producers prices . Most of the time, demand depends on retail 
price r ather than producer's price. Fortunately for rice, both producer s 
price and market price series are available . Indices derived from these 
two series a re used to update the producers price of wheat to "market 
price." Also , there are other problems with the price data. For the 
centrally planned countries, there is no variation of price with quantity 
demanded. Thus the "planned" prices become of no use in estimating demand 
functions . Furthermore, in some countries like Japan , Egypt, etc . the 
prices refer to government subsidized prices . These prices, also, do not 
sufficiently represent the variation in demand. 
For predominantly rice eating areas like Southeast Asia, ma r ket price 
of wheat is not avail able . Whereas in the United Kingdom , market price 
of rice was not lis t ed in the data book considered (2). Henceforth , we 
have augmented our initial model differently with respect to wheat and 
rice. The model for wheat consists of regions (1) U. S . and Canada , (2) 
South America , (3) United Kingdom, (4) Europe , (5) Africa , (6) Middle 
East , (7) Asia, (9) Japan and (10) Australia and New Zealand . For rice 
we have regions (1) U. S. and Canada, (2) South America , (4) Europe , (5) 
Africa, (7) Asia, (8) Southeast Asia , and (10) Japan . We have selected 
r epresentative countries in each region to evaluate t he demand equations, 
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as prices in different countries cannot be aggregated properly . These 
countries are as follows : 
Region 1 : United States for both wheat and rice . 
Region 2: Brazil for both wheat and rice. 
Region 3: United Kingdom for wheat. 
Region 4 : Spain and Greece for both wheat and rice. 
Region s : Egypt for rice and Kenya for wheat. 
Region 6: Kenya for wheat . 
1 
Region 7 : India for both rice and wheat. 
Region 8 : Korea for rice . 
Region 9: Japan for rice and wheat. 
Region 10: Australia for wheat. 
A small program is used to compute a *, 8* , y* and the subst itution 
coefficients between wheat and rice . For convenience we relabel the 
parameters as fol lows : 
PiR ' PiW is price of rice and wheat in the ith country in the period 
considered . 
aiR ' aiW is constant term associated with the linear demand equations 
of r ice and wheat evaluated for the given values of the 
elastici t ies BR, SW and Brw for a particular period. 
BiR' BiW is "own " pr ice coefficients in the l inear demand equations 
of rice and wheat in the ith country. 
YiR ' aiW is income coefficients in the demand func tion of the ith 
country . 
1 
We have used Kenya as the r epresentative country for both of the 
Regions S and 6 as no price data was available for any of the countries 
included in Region 6 (see Appendix). 
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SiRW is cross price coefficient with respect to wheat in demand 
function for rice in the ith country. 
SiWR is cross price coefficient with respect to rice in demand 
function for wheat in the ith country. 
The parameters have been evaluated for the whole period 1961-1970 . 
Here we present (in Table 3 .1) only the necessary ones corresponding to 
years 1966 and 1970. The elasticity figures, shown in the columns 12 to 
16 are taken from U. S.D .A. publications (18) . 
Preparation of input-data from the demand functions 
As indicated in Chapter II ultimately we will use demand functions 
of the following type 
(i=l . .. n) 
where n = 10 
~· ER is import and export of rice in ith r egion, 
Mw• EW is import and export of wheat in ith region, 
a iR' &iW is constants associated with the demand functions . 
These constant s contain the effects of income and p roduction at a given 
time period . As income and p roduction are exogenous, the constant aiR 
for 1960 (say) is evaluated as 
where ITiR is per capita production of rice in region i, 
Table 3 .1. Evaluation of parameters of the linear demand functiona 
Prices 
($/MTon) 
Per Capita 
income 
($/MTon) 
Per capita 
availability 
(000 MTon/ 
million) 
Coef ficients of 
demand function 
c 
0 
·r-l ).I 
bO co 
QJ QJ 
p:: >' 
1 1966 
1970 
2 1966 
1970 
QJ 
> ·~ 
~ 
co 
~ 
c: 
QJ >. 
tll ).I 
QJ ~ 
).I c: 
0. ;j 
QJ 0 rx: u 
United 
States 
Br azil 
3 1966 United 
1970 Kingdom 
4 1966 Spain & 
1970 Greece 
183.6 
175 . 86 
48.39 
41. 00 
-----
60. 09 
52.59 
50.00 
53 . 78 
H 
2709. 0 5 . 50 
3397 . 0 5 . 81 
71. 46 51. 39 
38. 66 51. 97 
b N.A. 84.90 1745 . 0 N. A. 
N.A. 126 . 33 1952 . 0 N.A. 
178 . 76 99.11 638 . 94 5.56 
163 . 49 76.19 734.98 5 . 63 
5 1966 Egypt for 130 . 00 69.16 E 141.13 24 . 72 
rice K 102.66 
1970 Kenya for 115 . 18 84.08 E 182 . 97 31.20 
wheat K 123.40 
6 1966 N.A. 79.16 102.66 N.A. 
1970 Kenya N.A. 84.08 123.40 N.A. 
7 1966 India 
1970 
8 1966 Kor ea 
1970 
9 1966 
1970 
Japan 
52 . 06 80.00 
46 . 31 68 . 68 
72.99 N.A . 
57.22 N.A . 
29.10 66.55 
29.11 75.01 
101. 22 139. 0 
116. 58 151. 3 
215. 70 115.64 700.00114.88 
232. 38 160. 20 1508. 21104 . 96 
94 . 35 -167 . 02 
103 . 26 - 151.22 
30.10 - 3 . 14 
36.17 -1.14 
141. 06 N . A . 
171.85 N.A . 
148.32 -107 . 04 
159.59 - 96 . 81 
- 3 . 23 
- 2 . 55 
- 4 . 98 
-1. 39 
- 3 . 01 
- 3 . 68 
-2 . 23 
- 1.59 
16.56 - 10.51 - 7 . 02 90 
17.45 - 7 . 38 - 5 . 6601 
16.56 
17 . 45 
37 . 38 
40. 72 
N. A. 
N.A. 
49.82 
so .so 
N.A. - 7 . 0290 
N . A . - 5 . 6601 
-2 . 6080 -4 . 28 
- 2 . 0536 - 3 . 37 
-9.27 
- 9 . 31 
- 6 . 26 
- 10 . 56 
N.A. 
N.A. 
- 7 . 03 
- 9.61 
10 1966 Austra lia N.A . 
1970 N.A. 
58 .18 1757.0 N.A. 362 . 24 N.A. 
59 . 02 2240 . 0 N.A . 210 . 00 N.A . 
-1. 61 
- 2 . 81 
a Source: 1, 6 , 18 , 20, and 21. 
b N.A.: Not applicable. 
Coefficients 
of the de;-
mand function 
~ p,:: 
I I c::: ~ .,.., ·r1 
co. co. 
0 . 0 0.0 
0 0 
-4.48 -. 97 
-1. 55 - . 32 
N.A. N.A. 
N.A . N.A. 
0 0 
0 0 
0 0 
0 0 
N.A . N.A. 
N.A. N.A. 
-0.83 -1. 28 
- 0 . 68 - 0.98 
N.A. N.A . 
'N .A. N.A. 
- 6 . 56 -7.63 
- 9. 97 -'11. 56 
N.A. N.A. 
N. A. N.A. 
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Assumed elasticities of Income Co- Constants of 
efficient demand f unc-
tion 
Demand Income 
~ Q) 
ro (.) ·M Q) c::: § I 
~ I ~ ~ 
Q) Cl) Q) ro Q) ro 
c::: ~ IX< ~ (.) Q) (.) Q) CJ Q) 
·r1 •M .,.., .,.., .,.., :i •M :i ·r1 s <:::: <:::: Id IC Q:;j c::: c::: 
.06 -. 0337 918 . 2 456.8 - .2 -.2 0 0 .2 - . 3 
. 05 -. 0232 879 . 3 394.4 
. 45 . 42 338.0 200.0 -.3 -.2 -. 2 -.1 .3 -. 3 
. 31 . 26 125.0 166.0 
N.A . -. 05 N.A. 594.0 N.A. -.2 0 0 N.A. - .2 
N.A . N.A . 884.0 
. 14 -. 16 685.0 528 . 61 -.3 -.3 0 0 .15 - .3 
. 11 -. 10 627.0 406.35 
1.11 . 68 754 . 0 396.0 -. 5 -.2 0 0 . 6 . 3 
.75 . 48 668.0 420 . 0 
N.A. -. 16 N.A. 428 . 61 N.A. -. 2 0 0 . 3 . 2 
N.A. -. 10 N.A. 406.35 
1. 78 2.20 204.80 261.33 - .3 - .5 - 0.09 -. 16 . 3 . 4 
1. 59 1.89 182 .12 224 . 36 
0 .0 N.A . 1417.0 N.A. -.1 N.A. N. A. N.A. -.1 .1 
0.0 N.A. 1549.0 N.A. 
-. 10 .05 1333.0 1307 . 0 -.30 -. 33 -. 15 -. 75 - .1 . 1 
- .07 . 03 2054.0 1810.0 
N.A. -. 07 N. A. 756.36 N.A. -. ] N.A. N.A. .2 - .2 
N.A. - . 05 N. A. 767.21 
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rriW is per capita production of wheat in region i, 
I. is per capita income in region i. 
1 
&iW is evaluated in a similar way. 
We s uppose that the regional demand equations can suitably be 
derived from the representative demand functions. We assume that the linear 
price and income coefficients, evaluated for a representative country , 
i s valid for the entire region considered. 
can be evaluated for a given period as 
(Ir) + yiR 
r + y iW (I ) 
The regional consta nt a 
s 
where subscript i stands for representative countries and superscript 
r stands for regions. Here we have r = 1 - - - 10 for 10 regions. We 
have one representative country fo r each region, i.e., i = 1 --- 10 . 
The consistency of regional a's with the a's of the representative 
countries depend on aggregation bias . If the per capita regional pro-
duction and per capita regi onal income matches with the per capita pro-
duction and per capita income of the r epresenta tive countries, we have 
perfect aggregation. If there is a l arge discrepancy between them, the 
r 
expected regional price [calculated as a iR + SiR (net import of region)] 
and the price prevailing in the representative country will differ t oo 
much. For regions with one or two countries (viz U. S., Japan) the 
problem does not exist. Also, in the case of rice even for most of the 
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multicountry r egi ons , the pr ices a re close . Only in region 5 (Af r ica) the 
regional price differs much from the price of the representative country . 
r 
For these regions, we have calculated the regional constant aR as 
In case of wheat, however, the price differences between r epresentative 
countries and the regions are ver y large and hence unacceptable . Thus 
f or all the regions, in case of wheat, we have assumed that the price 
prevailing in the representative country holds good for the entir e region. 
Constant a~ is calculated a s 
for r l --- 10 
Regional availabilities t ogether with production and exports for the 
years 1966- 1970 are given in Table 3 . 2. Regional per capita income 
figures for years 1966 and 1970 are shown in Table 3 .3 . Values of 
r r 
a R, aw, 8iR' 8iW' 8iRW' BiWR are given in each table showing the resul t s 
of our experiments. Values of d iR and diW are different for different 
assumptions in substitutability . 
The Starting Solution 
In the iterative process developed in Chapter II, we have started 
from "pre-trade price", i.e., from the hypothetical prices corresponding 
to no trade in the system. In this case we a r e working with "ex-post" 
Table 3.2. Actual production, availability, import and export of rice and wheat in 1966 and 1970 
a 
1 000 Metric tons 
Region Produc tion Production Import Import Export Export Consumption Consumption 
of rice of wheat of rice of wheat of rice of wheat of rice of wheat 
1 (1966) 2648 58029 0 0 1565 30929 1083 27100 
1 (1970) 2663 45807 0 0 1426 19989 1237 25818 
2 (1966) 3927 10413 421 2805 0 0 4348 13218 
2 (1970) 5112 11130 0 3650 190 0 4922 14780 
3 (1966) N.A.b 3475 N.A. 4213 N.A . 0 N.A. 7688 
3 (1970) N.A . 4236 N.A. 5336 N.A. 0 N.A. 9572 
4 (1966) 784 48621 203 0 0 9487 987 39134 
4 (1970) 899 49177 100 0 0 6923 999 42254 
5 (1966) 3830 4884 376 6037 0 0 4206 10921 ~ 
5 (1970) 4726 7291 49 6923 0 0 4677 13930 ~ 
6 (1966) N.A. 13022 N.A. 2262 0 0 N.A. 15284 
6 (1970) N.A. 13930 N.A. 3278 0 0 N.A. 17591 
7 (1966) 43339 16490 3356 9434 0 0 46695 25924 
7 (1970) 58171 30002 0 4466 738 0 57433 34468 
8 (1966) 38662 N. A. 0 N.A. 2880 N.A. 35782 N.A. 
8 (1970) 44819 N. A. 0 N.A. 159 N. A. 44660 N.A. 
9 (1966) 11598 1024 0 3943 144 0 11454 4967 
9 (1970) 11547 474 0 4799 589 0 10958 5273 
10 (1966) N.A. 13141 N.A. 0 N.A. 8477 N.A. 4664 
10 (1970) N.A. 8217 N.A. 0 N.A. 5192 N.A. 3025 
a 
(1, 19). Source: 
bN .A. : Not applicable. 
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Table 3 . 3 . Regional per capita incomesa 
Region 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
aSource: 20, 21. 
Per caEita income 
1966 
2686.0 
242.2 
1745.0 
1650 . 0 
168 . 3 
281.1 
62.7 
76.58 
700.0 
1639 . 9 
in 1963 constant Erice (U . S. $) 
1970 
3339.8 
300.0 
1952.0 
2121.6 
187.5 
350.6 
51.0 
61.01 
1508.2 
2015.0 
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data and prices are known . Thus, here we can start with the existing 
prices and proceed towards spatial equilibrium convergence. Computation-
ally this means that rather than starting from zero, we substitute the 
actual value of (M - E) for the period under consideration . In this 
way the system will converge quickly, cutting down the computer cost. 
Also, we can take care of the bulk trade which sometimes occurs due to 
economic principles not considered in the present framework. 
The Transport Cost Matrix 
A matrix of transportation cost (ocean freight rates) is an essential 
part in our model . The necessary condition for spatial equilibrium is 
that the domestic prices of the trading regions will be constrained by 
the transport costs existing between them . We have ten regions, hence 
we should have a (10 x 10) transport cost matrix. The computation of 
transport cost is a very long process. Many decisions have to be taken 
regarding different ocean freight rates, different ports of entry and de-
parture, etc . We have taken the transport cost matrix as such from U. S. 
Department of Agriculture publication (18). Later we have aggregated the 
22 x 22 matrix to a 10 x 10 one, following the aggregation schedule given 
in the Appendix. The (10 x 10) transport cost matrix is given in Table 
3 . 4. 
Experiment No . 1. Free Spatial Equilibrium Solutions 
Introduction 
The conditions for spatial equilibrium are discussed in detail in 
Table 3 . 4 . Transport costs 
a 
Unit : $/Metric ton 
Region 1 2 3 4 5 6 7 8 9 10 
1 U.S. and Canada 0 7 . 38 7.0 5.79 10.04 11. 93 12.25 13.00 8.9 8.5 
2 South America 7.38 0 10.3 7.87 8. 76 13 .78 13.9 12.12 11. 71 8 .66 
3 United Kingdom 7.0 10.3 0 5.85 6 . 81 9 .00 9.15 10.13 11 .00 10. 80 
4 Europe 5.79 7 . 87 5.85 0 7.30 10.0 9.95 10.31 10.88 9.5 
5 Africa 10.04 8.76 6 .81 7.30 0 9. 21 9.71 9.99 10.45 9. 44 
6 Middle East 11 . 93 13.78 9.00 10.0 9.21 0 7.50 8 .13 8 . 90 9 .00 
7 Asia 12.25 13.9 9.15 9.95 9. 71 7.50 0 6 .13 8.25 8.40 
8 South East Asia 13.0 12. 12 10.03 10.31 9.99 8.13 6 .13 0 6.88 7.38 
9 Japan 8.9 11. 71 11.00 10.88 10. 45 8.90 8.25 6 . 88 0 7.50 
.s::-
-..J 
10 Australia and 
New Zealand 8.5 8. 66 10.80 9.5 9 .44 9.00 8.40 7.18 7 . 50 0 
a Source : U. S.D.A . Publication (18) . 
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Chapter II. Here we restate some of the conditions for convenience. 
(1) P. - P. < T . . (i, j = 1 --- n) 
l. J - l.J 
Tha t i s the difference between the regional prices will be less than or 
equal to the transport cost between them. 
(2) if E .. (export from ith to jth region) > 0, P . 
~ J 
P . + T .. 
l. l.J 
'That is~ either the regions will not trade and the difference of the 
regional prices will be less than the transport cost between them or 
they will trade with the regional price difference j ust equal t o the 
transport cost. 
We have simulated the spa tial equilibrium situation in rice and 
wheat for the years 1966 and 1970. The basic data needed for such a 
simulation are presented in Tables 3.1, 3 . 2, 3.3 and 3 . 4, respectively. 
The specific data used will be discussed with the specifi·c cases . The 
trial and error method developed in Chapter II has been used as the 
solution method. The results of the simulated trade model are a set of 
r egional prices and trade flows which obeys the spatial equilibrium , 
condition discussed earlier . We now present the different simulated solu-
tion corresponding to different periods and assumptions . 
The general nature Ef 1966 solution 
As i ndicated earlier we have used the actual volume of trade and the 
existing prices as initial solution in the iterative method. Equilibri-
ums in wheat ~nd rice trading, wi thout a s suming any substitution, have 
been analyzed first. The "data" columns of Table 3.5 and 3 . 6 show the 
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parameters of the regional price equation for rice in 1966 and 1970 
respectively. Initial prices are given under column "prices." In 
1966 the highest price of rice existed in Region 9 (Japan) and the low-
est was in Region 2 (South America). In 1970 there was no change in 
this situation. 
The domestic price of rice in Japan remained the highest. This 
high price was due to a disproportionate growth of population and pro-
duction (5% populatioN growth compared with 1% increase in production 
of rice in that period). 
The equilibrium prices, shown in the second entries under the "price" 
columns of Tables 3.5 and 3.6 are bound by the relevant transport costs, 
as expected . Let us first take up 1966 solution (Table 3.5) for rice. 
The marginal1 tradings which take place for convergence to equilibrium 
solution are (1) South America to U.S. and Canada, 104.5 unit,
2 
(2) 
South America to Europe 164.1 units, (3) South America to Africa 489.7 
units, (4) Asia to Africa 47 units, (5) Asia to Japan 1,391 . l units, and 
(6) Southeast Asia to Japan 532 units. As indicated previously, these 
marginal tradings should be added or subtracted from the existing actual 
trades to arrive at the total trade at equilibrium. Unfortunately data 
for international trade in food grains are available only as total ship-
ment out or total shipment in, not from origin to destination. However, 
U.S.D.A. has estimated a trade flow table of (1963-65), which is shown 
1 
All the exports in our experiment is maTginal as we have already 
incorporated the bulk trading which has already taken place . 
21 unit = 000 me tric tons. 
Table 3 . 5. Spaital equilibrium simulation in rice trade (1966) 
Data a Pricesb ConsumEtion (TI+M-E) c 
Region e Rice a Rice Initial Equilibrium Initial 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
price price 
-.8478 1101.87 183. 70 95.08 
- .0371 221. 31 59 . 99 88.14 
N.A.e N.A. N.A. N.A . 
- .5894 774 . 60 192.86 96.12 
-.0624 392.42 130 . 42 96.89 
N.A. N.A. N.A . N.A . 
-.0043 282.74 81. 95 88.14 
-.0345 1306 . 0 71. 52 89.58 
-.0628 936.17 216.86 96.66 
N.A. N.A. N.A. N.A. 
aCoefficient and constants of demand function. 
bUnit of price is in $/metric ton. 
1083 
4348 
N.A. 
987 
4206 
N.A. 
46695 
35782 
11454 
N.A. 
cUnit of trade and consumption is in 1,000 metric t ons . 
d 
Eij: Export from ith to jth region. 
e 
N.A.: Not applicable. 
Optimal 
1187 
3590 
N.A. 
1151 
4743 
N.A. 
45256 
35259 
13368 
N.A . 
Spatial 
c Equilibrium 
trade 
(mar inal) 
E21 
d 
104.53 
E24 164.14 
E25 489. 7 5 
E75 47 .42 
E79 1391.10 
E89 523.31 
\ft 
0 
Table 3.6. Simulated spatial equilibrium trade and price of rice 1970 
Data a Prices Consum2tion 
Region B Rice a Rice Initial Equilibrium Initial Equilibrium Marginal 
($/MTon) (1000 MTons) equilibrium 
trade 
(1000 MTons) 
1 - .6691 1004.0 176.0 62 .34 1237 .0 1407 . 35 E21 
b 170.35 
2 - . 0136 109.1 41.0 55 . 14 4922.0 3967.73 E24 243.43 
3 N.A.c N. A. N.A. N.A. N.A. N.A. E25 540.49 
4 -.4137 577 .o 164 .o 63.01 999.0 1242.43 E75 895 . 15 
5 - . 0360 283.4 llS.O 63.35 46 77. 0 6112. 64 E79 1662.82 
6 N.A. N.A. N.A. N.A. N.A. N.A. 
7 - . 0031 224 . 5 46.0 54 . 39 57433.0 54875.03 
V1 
...... 
8 - . 0236 1112.0 58 . 0 58.02 44660.0 44660.0 
9 - . 1075 1344.0 232.0 62 . 99 10958.0 12620.82 
10 N.A. N.A. N.A. N.A. N.A. N.A. 
aCoefficient and constant of the demand function. 
b 
Eij : Export from ith to jth region. 
c N.A. : Not applicable. 
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in Table 3.11 (18). Though this table is two years older than the 
period under consideration, it will not be unrealistic to assume that 
the pattern of trade remain more or less val id in 1966. It shows (1) 
U.S. and Canada, (2) South America, and (8) Southeast Asia on major 
exporters of rice. Comparing this structure with the structure of the 
marginal trade, we can arrive at a realistic "fina l" trading pattern. 
It is surprising to find the United States and Canada (Region 1) 
as an importer of rice. But referring to the trade flow table (3.11), 
there must have been an initial export flow from U.S. to South America in 
1966. Thus the marginal import t o U.S . from South America only means that 
the export from U.S. should be readjusted by the amount of import. In 
this way we have qualitative similarity between the structure of the 
actual and the marginal trading . Fairly large margi nal-export (l,391 
l 
unit) takes place in case of Asia, whereas, according to Table 3 . 11, 
Asia is a net importer. This is not unexpected as the domestic price of 
rice in Asia was comparatively low ($71/MTon as compared with $216/MTon 
in Japan in 1966), and we assume free market trading. Low domestic price 
is the result of low exchange rate and low per capita income ($62 as com-
pared with $700 in Japan in 1966), not of any produc tion surplus. 
Thus, to arrive at the spatial equilibrium configuration, the con-
sumptions (Production + Import - Export) of different regions should be 
reallocated. The consumption column in Table 3.5 indicates both the 
initial and equilibrium consumptions of rice in 1966. It is to be 
1 
1 unit 000 metric tons. 
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remembered that in the present framework, consump tion has the same mean-
ing as availability. Stock is treated as "opportunity" consumption. 
The total regional exports can be computed as sum of the initial 
r egional export (Table 3.5) and the marginal exports . Initial export r e-
mains fixed, as it has already been taken place. The marginal export var-
ies with different assumptions in trading . For this reason we have discus-
sed the results only with respect to the marginal trading. Total regional 
imports can be computed in the same way, as initial import added to the 
import ( EE .. ) . 
j l.J 
The market in wheat is dominated by the export from Region 1, i.e. , 
from U.S . and Canada . The pattern of marginal trading in 1966 (Table 
3 .12) generally con forms with the U. S. O.A . trade flow tables . The equi-
librium marginal export are (1) from U.S. and Canada to Europe 1 , 039 . 3 
units, (2) from South America to Europe 838 units, (3) South America to 
Japan 35 units, (4) South America to Australia 86.9 units, 1 (5) Asia to 
United Kingdom 29 units and (6) Asia to Japan 421 units . 
The export flow from South America to Australia only means that to 
arrive at equilibrium we should cut back 86.9 units from the initial flow 
which must have taken place from Australia to South America assuming 
validity of Table 3 . 12 . In this case, also, low domestic price is re-
sponsible for the outflow from Asia. 
Consumptions adjusted for the equilibrium changes, together with the 
initial ones, are shown in Table 3 . 12 . 
1 , 000 metric tons. 
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The results of the model assuming substitution between wheat and 
r ice in Region 7 (Asia) for 1966 are tabulated in Table 3.9 . We compare 
this table with Tables 3.5 and 3.7, i.e., those corresponding to rice 
and wheat independently. Two changes are found . (a) In rice, there is 
no flow from Asia to Africa in Table 3.9 (with substitution). Instead, 
t he marginal export from South America to Africa has increased by 29 
units. Other exports changes are not very significant . (b) In wheat, 
the flow E29 (South America to Japan) has been dropped out in case of 
substitution. Flow E
79 
(Asia to Japan) has increased by 63 unit s . Thus it 
appears that assumption of substitution in Region 7 (coefficients given 
under columns 8RW and BWR of Table 3 . 9 results in consumption of more 
rice (45,328 units as compared to 45,256 units) in that region and re-
leasing wheat for export to Japan. Due to high price of wheat ($115/MTon 
as compared with $71/MTon in Asia), Japan seems to be the most profitable 
place for wheat export. The s hift of consumption pattern depends on the 
demand elasticities of wheat , rice (both "own" and "cross" price elas-
ticities), their initial domestic prices and geographical positions of 
the regions. 
Comparison of 1966 and 1970 solutions 
The general structure of marginal trading in rice reamins the same 
in 1970 (Table 3.6). The production of rice increased in 1970 as com-
pared to 1966 for all regions except Japan (11,598 units1 in 1966 and 
1
1 unit = 1,000 metric tons. 
Table 3.7. Spatial equilibrium simulation in wheat trade 1966 
Prices Consumption 
Region 8 Wheat & Wheat Initial Equilibrium Initial Equilibrium 
($/MTon) (1000 MTons) 
1 - . 01495 465.0 59.85 75.39 27100 26061 
2 -.0244 372.0 50.0 72.89 13218 12258 
3 -.0552 509 . 0 84.0 83 . 03 7688 7717 
4 -.0097 479 . 0 99.11 80.61 39134 41011 
5 -.0380 494.0 79.02 79.00 10921 10921 
6 -.0435 744 . 0 78 . 99 79.15 15284 15284 
7 -. 0070 253 . 0 71.32 74.68 25924 25475 
8 N.A. c N.A. N.A. N.A. N.A. N.A. 
9 -0 . 0705 466 . 0 115 .o 83. 71 4967 5423 
10 -0.1127 617.0 91. 0 81. 57 4664 4751 
aCoefficient and constant of the demand function. 
b 
Eij : Export from ith to j th region. 
cN .A.: Not applicable. 
Equilibrium 
trade 
(marginal) 
(1000 MTons) 
b E14 1039 . 26 
838.043 
34.56 
86.90 
28 . 84 
Table 3.8. Simulated spatial equilibrium trade and prices for wheat 1970 
Data a Prices Consumption 
Region a Whea t ~ Wheat Initia l Equilibrium Initial Equilibrium Equilibrium 
($/MTon) (1000 MTons ) trade 
(marginal) 
(1000 MTons) 
1 -. 0112 342 . 2 53.0 65.63 25818.0 24694 E13 
b 40.92 
2 - . 0050 127.65 53.75 63.32 14780.0 12867 El4 153.46 
3 -.0664 761. 6 125 . 0 72.63 9572.0 10375.0 El09 929. 71 
4 - .0068 364 . 3 77.0 71.15 42254.0 43410 E23 763 . 17 
5 -.0276 419 . 0 84.0 72 . 17 13930.0 14378.0 E24 703.50 
6 -.0325 655.7 84.0 76.87 17591.0 17810 . 0 E25 447 . 89 
7 -. 0050 240.0 68.0 68.53 34468.0 34294 E26 174.12 
l...n 
0\ 
8 N.A.c N.A. N.A. N.A. N.A. N.A. 
9 -.0924 647.2 160.0 74 . 07 5273.0 6203 . 0 
10 -.1873 626 . 0 59.0 67 . 87 3025.0 2980.0 
a Coefficient and constant of the demand func tion. 
b 
Eij Export from region i to region j . 
CN .A.: Not applicable. 
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11,547 units in 1970). The volume of marginal exports have also in-
creased . Two points should be noted here. (a) There is no export flow 
from Region 8 (Southeast Asia) in 1970 solution whereas such flow (523 
units) exists in 1966 solution (Table 3.5). (b) The marginal exports of 
Region 2 (South America) and Region 7 (Asia) have increased much in 1970 
(757 units and 1,438 units in 1966, 953 units and 2,557 units in 1970) . 
Again this is due to extremely low price of rice in this region in 1970 
($41/MTon and $46/MTon) . Low exchange r ate is mainly responsible for 
pulling down the domestic price expressed in dollars. 
There are some prominent changes in the marginal trading pattern of 
wheat in the equilibrium solution of 1970 (Table 3.8). The United Kingdom 
which previously imported wheat from Asia in 1966, imports from the United 
States and South America in 1970 . Japan (Region 9) buys wheat from the 
United States (Region 1) and South America again instead of Asia. Mar-
ginal exports from Asia decrease to 174 units in 1970 from 449 units in 
1966. These happend due to unequal growths in population, income and pro-
duction in the regions concerned. Disproportionate changes in the re-
gi onal prices a r e responsible for a different marginal trade pattern in 
1970. 
The results of the equilibr ium solution of wheat and rice market with 
substitution for the year 1970 , are shown in Table 3 . 10. Comparing 
Tables 3 . 9 and 3 .10, we find that all the remarks made so far about the 
individual markets at equilibrium also hold good for joint equilibrium. 
In Region 7 (Asia), where substitution is assumed (cross price 
Table 3.9. Results of the spatial equilibrium simulation in wheat and 
rice (substitution in Region 7) trade (1966) 
lnEut data 
a 
Prices 
s 
;::l 
·.-i 
'"" r-1 ..0 Q <11 •.-i 
0 .u .u ..... r-1 ..... Q) cc Q) cc .u Q) ..... Q) 
00 CJ Q) CJ Q) ..... CJ ;::l CJ 
Q) ·.-i ,..c:: •.-i 
<rj ~ ~ en~ Q..-1 O' ..... p:: CXl p:: CXl~ Qj ~ CXl 2:! H ~ r.;i !::! 
1 - .8478 -.01495 1101. 9 465 . 0 N.A.b N.A. 183 . 70 96.50 
2 -.0371 - .0244 221. 31 372 . 0 N.A. N.A. 59.99 89.12 
3 N.A . -. 0552 N.A. 500.0 N.A. N.A. N.A. N.A. 
4 -.5894 -.0097 774 . 6 479.0 N.A. N.A. 192 .86 96.14 
5 -.0624 -.0380 392.9 494 .0 N.A. N.A . 130 . 42 98 . 09 
6 N.A. - . 0435 N.A . 744 . 0 N.A. N.A. N.A . N.A . 
7 -.00425 -.00698 316.9 345.0 -.00135 -.00208 81. 95 89 . 95 
8 - . 03446 N. A. 1306. 0 N. A. N.A . N. A. 71. 52 90.98 
9 - .0628 -.0705 936 . 17 466 . 0 N.A. N.A. 216.859 09 .13 
10 N.A. -. 1127 N. A. 617.0 N.A. N.A. N.A. 0 . 0 
aCoefficients and constants of the demand function. 
b N. A.: Not applicable. 
c 
Eij: Export from region i to j . 
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Consumption Equilibrium trade 
($/MTon) (1000 MTons) (marginal)(lOOO MTons) 
3 E s :::> :::> 
-.-1 -.-1 .,... 
)-1 )-1 µ 
..-l .0 ..-l .0 .--t .0 
<ll ·r-l <ll ·r-l <ll ·r-l 
·.-1 .µ .--t .µ ·r-l .--t ·r-l .µ .--t .µ .µ 
.µ <a .,... <ll .µ Cl) .,... Cl) .µ <ll ·r-l <ll Cl) <ll .,... Cl) :::> ~ ·r-l U :::> (.) ·r-l Cl) :::> ~ (.) ~ 
c:: ..c CT.C c:: •.-1 CT ·r-l c:: .c O' ..c ·r-l ~ H ;J ~ ;J H 1-1 ~ 1-4 H ;J r:il ~ ~ 
59 . 85 75.39 1083 1186 27100 26061 E21 
c 102.9 El4 1039.0 
50.0 72. 95 4348 3563 13218 12256 E24 164.1 E24 874.9 
84.0 83.03 N. A. N.A. 7688 77716 E25 517 . 9 E210 86.9 
99 . 11 80 .84 987 1151 39134 41048 E79 1367.3 E]3 28.8 
79.02 79 .00 4207 4724 10921 10921 E89 523 .3 E79 484.8 
78.99 79.15 N:A. N.A . 15284 15284 
71.32 73.35 46695 45328 25924 25410 
N.A. N.A. 35782 35259 N.A. N.A. 
115.0 81. 65 11454 13344 4967 5452 
91.0 81. 57 N. A. N.A. 4664 4751 
Table 3.10. Results of the spatial equilibrium simulation in wheat and 
rice (substitution in Region 7) trade (1970) 
Data a (coefficients and constants) Prices 
~ 
·r-i 
).I 
c r-1 .t::l Ill •rl 
0 ..., LJ •rl r-1 
•rl ti llJ Q) Ill LJ Q) -M Q) 
CD C) Q) () Q) -M () :I () 
Q) ·~ ..c: •rl (~ g 3 co ~ c: •rl O'-M a::: co a::: C03 <ti 0:: co 0:: H µ µl ).I 
1 -.6691 - . 0112 1004. 0 342 . 2 0 0 176 . 0 62.31 
2 - . 0136 -. 0050 109 . 1 127 . 5 0 0 41. 0 55 .14 
3 N.A.c -. 0664 N.A. 761. 6 0 0 N.A. N.A. 
4 - . 4137 -. 0068 577 . 0 364.3 0 0 164.0 63.02 
5 -.0360 -. 0276 283 . 4 469 . 0 0 0 115.0 63 . 34 
6 N.A. - .0325 N. A. 655.7 0 0 N.A. N.A. 
7 -.0031 - . 0050 259 . 0 326 . 0 - . 0010 - . 0015 46 . 0 54 . 41 
8 - . 0236 N. A. 112 . 0 N.A. 0 0 58 . 0 58.02 
9 -.1015 - . 0924 1344 . 0 647 . 2 0 0 232 . 0 62 . 95 
10 N. A. - .1873 N.A. 626 . 0 0 0 N.A. N. A. 
aCoeffjcients and constant of the demand function . 
b Export from region i to j . E .. : 
l.J 
cN .A. : Not applicable . 
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~~ 
__ ..._ ... -..... .. _ 
--- -.& - --........ ·e:-q-ul lfb. r·ium' t r·a<le -= 
($/M .Tons) Cons ump t j on (1000 M.Tons) (marginal)(lOOO M.Tons) 
8 § ~ :::> 
·r-1 ·r-1 ·r-1 
"" "" "" r-1 .0 .-i .0 r-1 .0 ell o,-j ell o,-j cu •r-1 o,-j .., r-1 u o,-j r-1 ..... u r-1 .., .., 
.., <O o,-j ell u Q) o,-j QI u cu o,-j cu Q) t1l 
..... Q) :::> Q) o,-j C) :::> LJ ...... Q) :::> Q) LJ Q) ~ ,.c: er ..c: ~ •r-1 c:r ·r-1 ~ ..c: c:r ..c •r-1 § H :J ti) :J H J..4 i:il "" H ) i:il :l ~ 
53.0 66. 12 1237.0 1407. 0 25818.0 24649.0 E21 
b 170.4 El3 84 .5 
53.75 63.75 4922.0 3968 . 0 14780.0 12780.0 E24 243.4 El4 153.5 
125.0 73 . 12 N.A. N.A. 9572 . 0 10369.0 E25 540 . 5 El9 930 .0 
77 . 0 71.15 999 . 0 1242.0 42254.0 43112.0 E75 895.2 E23 712 . 2 
84 . 0 77 .17 4677 . 0 6112.0 13930.0 14378.0 E79 1662 . 8 E24 703 .5 
84 . 0 77 . 92 N.A. N.A. 17591.0 17778.0 E25 447 .9 
68 . 0 71. 35 57433.0 54875 . 0 34468.0 34468.0 E26 136 . 6 
N.A . N.A . 44660.0 44660.0 N.A. N.A. El06 50 . 2 
160.0 70.04 10958.0 12621. 0 5273 . 0 6203 . 0 
59 .0 68.81 N.A. N.A. 3025 . 0 2975 
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Table 3.11. Actual structure of rice trade (1963-65 average) 
a 
Re ionb 
Region 1 2 3 4 5 6 7 8 9 10 
1 0 121 x 115 168 x 277 62 132 x 
2 7 37 32 
3 
4 6 15 21 
5 44 
6 
7 2 15 
8 107 327 771 167 6 
9 
10 2 3 
a Source: 18. 
bUnit of trade is in 1000 metric tons. 
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Table 3.12 . Actual structure of wheat trade (1963- 65 average)a 
Re ionb 
Region 1 2 3 4 5 6 7 8 9 10 
1 3343 2593 3556 2480 1287 7064 x 3075 155 
2 298 779 
3 
4 68 
5 
6 
7 3 
8 
9 x x x x x x x x x x 
10 77 3486 3968 5017 3682 746 8060 x 3573 
aSource: 18. 
bUnit is in 1000 metric tons. 
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coefficients given under "Data" column of Tables 3.9 and 3 . 10, rice is 
consumed more, releasing wheat for export. 
Experiment No. 2. Equilibrium with Ceiling and Floor Price 
Introduction 
It has already been pointed out in the last section that low 
domestic prices (in international currency) generally exists in less 
developed regions via Asia (Region 7), South America (Region 2), etc . 
This low domestic price is the result of existing low exchange rate and 
income, rather than any production surplus. But in the present frame-
work of free market trading, low price causes huge export out to other 
regions, increasing the domestic price of the regions concerned. Con-
sidering the purchasing power (dependent on income), the price is too 
high for the common people in these regions. To maintain welfare, the 
Government of the concerned countries take many measures to check the 
outflow of commodities. In our model, this measure can be accomplished 
very easily be imposing ceilings (upper bound) on the commodity prices. 
On the other hand, import lowers the domestic price of the receiving 
countries. In developed countries the demand for cereals a r e generally 
inelastic. Thereby an increase in supply results in mor e than propor-
tionate fall in price , causing loss to the farmers. To prevent this 
situation, we have imposed floors (lower bound) on the commodity, prices 
in our model. 
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With ceiling and floor prices imposed, the models become more 
realistic compared t o the free market case. But the spatial equilibrium 
conditions can no longer be satisfied for all regions . These new series 
of models are termed as constrained price equilibrium models. 
The level of ceiling or floor which should be used depend on policy 
considerations of the specific regions. However, in our experiments with 
the data of 1966 and 1970, bounds have been evaluated as following: 
Upper bound (ceiling): Price existing (PR or PW) in the period + 
· 2 (Pr or PW) . 
Lower bound (floor ): Price existing (PR or PW) in the period -
·2 (Pr or PW) . 
The simulations in this case have been done with slightly different 
set of rules due to reasons discussed earl ier . The basic solution 
a l gorithm is still the same trial and error method deve loped in Chapter 
II (p . 28) . Only the algorithm has been modified slightly to incorporate 
the price flexibility (deviation from spatial equilibrium conditions) in 
the regions where ceiling and floor prices have been used. However, we a r e 
not presenting the modified FORTRAN program to avoid unnecessary techni-
calities . Now we present the different simulated equilibrium solutions 
of price and trade corresponding to the years 1966 and 1970 , under dif-
ferent assumptions of ceiling and floor prices . The solutions will be 
compared with the free equilibrium solutions 
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Nature of 1966 solution 
The effect of implementing ceiling and floor prices on the marginal 
trading and on the r esulting equilibrium is analyzed under two sets of 
assumptions. 
In assumption (a) ceiling and floor prices are assumed to be effec-
tive only on United States and Canada (Region 1). The rest of the regions 
are considered free . In assumption (b) ceiling and floor prices are 
assumed to be effec tive to all the regions except Region l (United States 
and Canada) . 
The main objective of the assumptions is to study the effect of 
United States price policy on the rest of the world and vice versa. The 
models incorporating assumption (a) can also be used in computing how 
much U.S. can export without hurting domestic consumers much or how much 
she can import without too much lowering of farm income. 
Let us first discuss the result of assumption (a) . We have con-
sidered the simulated equilibrium in the wheat and rice market with substi-
tution for the year 1966. The results are shown in Table 3 .13. The level 
of ceiling and floor prices are given in the same table. 
The parameters of the demand equation and the values of initial 
trades are the same as in the case of free spatial equilibrium (Table 
3 . 9) . According to Table 3.13 the marginal tradings in rice are exports 
1 
from (1) South America (Region 2) to Europe (Region 4) 165 . 7 units, (2) 
South America to Africa (Region 5) 550.7 units , (3) South America to 
l 
1 unit = 1,000 metric tons. 
Table 3 . 13. Simulated equilibrium prices and trades assuming a ceiling 
price and a floor price in U. S. and Canada i n 1966 fo r r ice 
and wheat with substitutiona 
Prices ($/MTon) Eertaining to 
Region Rice Rice Wheat Wheat Initial 
initial eguilibrium initial eguilibrium rice 
1 183 . 70 147.0 59.85 70.00 1083 
2 59.99 87.29 50 . 00 74. 71 4348 
3 N.A . c N.A. 84.0 82.57 N.A. 
4 192 . 86 95 . 22 99.11 82.78 987 
5 130.42 96 . 05 79 . 02 79 . 00 4206 
6 N.A. N.A . 78 . 99 79 . 15 N.A. 
7 81. 95 90.13 71 . 32 73 . 97 46695 
8 71.52 91.11 N.A. N.A . 35782 
9 216.86 98.51 115 . 0 82.36 11454 
10 N.A. 0 . 0 91.0 81 . 66 N.A. 
aAssumed ceiling price of rice in region 1 is $200/MTon; assumed 
ceiling price of wheat in region 1 is $70/MTon; assumed floor price of 
rice in region 1 is $147/MTon; and assumed floor price of wheat in region 
1 is $40/MTon . 
b 
c 
E .. : Export from region i to j . 
l.J 
N. A. : Not applicable . 
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ConsumEtion (000 M.Tons) Marginal trade flow (000 M.Tons) 
Rice Wheat Wheat Rice Wheat 
eguilibrium initial eguilibrium 
1126 27ioo 26421 b E24 165 . 654 El4 678.580 
3611 13218 12184 E25 550.673 E24 1034 . 222 
N.A. 7688 7725 E29 19.382 E73 37 .116 
1153 39134 40847 E79 1381.563 E79 474.619 
4756 10921 10921 E81 43.327 E710 86 .162 
N.A. 15284 15284 E89 483 .582 
45314 25924 25327 
35256 N.A. N.A. 
13338 4967 5441 
N.A. 4664 4750 
Table 3.14. Simulated equilibrium prices and trades with a ceiling price 
and floor price in U. S. and Canada in 1970 for wheat and 
rice with substitutiona 
Prices ($/MTon) Eertaining to 
Region Ri ce Rice Wheat Wheat Initial 
initial eg,uilibrium initial eg,uilibrium rice 
1 176.0 141.0 53.0 63.00 1237 . 0 
2 41.0 54 . 82 53 . 75 64 . 05 4922 . 0 
3 N.A.c N. A. 125.0 73.97 N. A. 
4 164.0 62.69 77 .o 72.19 999.0 
5 115 . 0 63 . 93 84 . 0 72.85 4677.0 
6 N.A. N.A . 84.0 77 . 98 N. A. 
7 46.0 54.09 68.0 71.19 57433 . 0 
8 58.0 58.02 N.A. N.A. 44660 . 0 
9 232 . 0 62 . 57 160 . 0 76.40 10958 . 0 
10 N.A. N.A. 59 . 0 68 . 98 N.A. 
aAssumed ceiling price of rice in region 1 is $200/MTon; assumed 
ceiling price of wheat in region 1 is $70/MTon; assumed floor price of 
rice in region 1 is $147/MTon; and assumed floor price of wheat in 
region 1 is $40/MTon. 
b E . . : Export from region i to j . 
J.] 
c N.A. : Not applicable . 
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ConsumEtion (000 M.Tons) Marginal trade flow (000 M.Tons) 
Rice Wheat Wheat Rice Wheat 
eguilibrium initial eguilibrium 
1289.8 25818.0 24929.0 E24 
b 244.2 El9 889 . 4 
3992.0 14780.0 12720.0 E25 686 . 4 E23 783 .4 
N.A. 9572.0 10356 . 0 E71 52 . 8 E24 703.5 
1243.0 42254.0 42958.0 E75 733.0 E25 423.3 
6096 . 0 13930.0 14353.0 E79 1667 . 0 E26 133 . 8 
N.A. 17591.0 17776 . 0 E29 15 . 1 
55498 . 0 34468.0 34468.0 El06 51.07 
44660.0 N.A. N.A. 
12625.0 5273.0 6177. 0 
N.A. 3025.0 2974 .0 
Table 3.15. Simulated equilibrium prices and trades with ceiling and 
floor prices assumed in all the regions except U.S . and 
Canada in the year 1966 
Ceiling and floor prices 
($/M. Ton) used Prices ($/M. Ton) 
Region Ceiling Floor Ceiling Floor Initial Equilibrium Initial 
rice rice wheat wheat rice rice wheat 
1 N.A.a N.A. N.A . N.A. 183 . 70 98 . 23 59 . 85 
2 70.8 48.0 60.0 40.0 59.99 71.00 50 . 0 
3 N.A. N.A. 101.0 67.0 N.A. N.A. 84 . 0 
4 230.0 154 . 0 110.0 79 . 0 192.86 154 . 0 99 . 11 
5 156.0 104.0 95.0 63.0 130 . 42 104 . 0 79 . 02 
6 N.A . N.A . 95.0 63.0 N.A. N.A. 78 . 99 
7 99 .0 65 . 6 85 .0 57.0 81 . 95 86 . 88 71. 32 
8 86 . 0 56 . 0 N.A. N. A. 71 . 52 86.00 N.A . 
9 260 . 0 174 . 0 138.0 92 . 0 216 . 86 174 . 00 115 .0 
10 N.A . N.A. 110.0 72.0 N. A. N. A. 91. 0 
a 
N.A. : Not applicable. 
b 
E .. : 
1] 
Export from region i to j. 
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ConsumEtion (000 M.Ton) 
Marginal trade flow 
{000 M.Ton} 
Equilib- Initial Equilib- Initial Equilib- Rice Wheat 
rium rice rium wheat rium 
wheat rice wheat 
77 .81 1083 1183 27100 25899 E29 
b 296 . 5 El4 1201. 01 
60 . 00 4348 4051 13218 12787 E71 100. 84 E29 431.11 
81. 55 987 1053 39134 40849 E74 65 . 935 E73 55.569 
82 . 76 .N .A. N. A. 7688 7744 E75 423 . 33 E74 514 . 31 
79.00 4206 4629 10921 10921 E79 7.324 Eno 95 . 47 
79.15 N.A. N.A. 15284 15284 E89 378 . 630 
72.81 46695 46098 25924 25259 
N.A . 35782 35404 N.A . N.A. 
85.43 11454 12136 4967 5398 
80 . 61 N.A. N.A. 4664 4759 
Table 3.16. Simulated equilibrium prices and trades with a celing price 
and floor in 1970 for all regions except U. S . and Canada 
Bounds ($/M.Ton) Prices ($/M.Ton) 
Region Upper Lower Upper Lower Initial Equilibrium Initial Equilibrium 
rice rice wheat wheat rice rice wheat wheat 
1 N.A.a N.A. N.A. N.A. 176.0 61.80 53.0 63.55 
2 49.0 33.0 63.0 43 . 0 41.0 49.00 33.75 61.50 
3 49.0 33 . 0 150.0 100.0 N.A. N.A. 125.0 100.00 
4 197.0 131.0 92.0 62.0 164 . 0 131. 00 77 .o 69.95 
5 138.0 92.0 101.0 67.0 115.0 91.99 84.0 70.25 
6 138.0 92. 0 101. 0 67.0 N. A. N.A. 84.0 76 .14 
7 54.0 37.0 82.0 54.0 46.0 49.55 68.0 68.99 
8 70.0 46.0 82.0 54.0 58.0 155.70 N.A. N.A. 
9 278.0 186 . 0 192.0 128.0 232.0 180.72 160.0 128.0 
10 278.0 186.0 71.0 47.0 N. A. N.A . 59.0 67 . 14 
aN.A.: Not applicable. 
b Exports from ith to jth region . E .. : 
1] 
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Marginal trade flow 
ConsumEtion (000 M.Ton) (000 M.Ton) 
Initial Equilibrium Initial Equilibrium Rice Wheat 
r ice rice wheat wheat 
1237.0 1408.0 25818 . 0 24880 . 0 E29 
b 502 . 88 E13 391.86 
4922 . 0 4419.0 14780.0 13231. 0 E71 171.15 E16 200 . 23 
N.A. N.A. 9572.0 9964. 0 E74 79.08 E19 346.05 
999 .0 1078.0 42254.0 43285 E75 639.67 E24 1031. 93 
4677 . 0 5317.0 13930.0 14447 .0 E78 98.65 E25 517.26 
N. A. N.A. 17591.0 17832 . 0 El06 41.25 
57433 . 0 56444 . 0 34468 . 0 34468.0 
44660 . 0 44759 . 0 N.A . N.A. 
10958 . 0 10859.0 5273 . 0 5619 . 0 
N.A. N. A. 3025 . 0 2983 . 0 
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Japan (Region 9) 19 . 4 units, (4) Asia (Region 7) to Japan 1,381.6 units, 
(5) Southeast Asia (Region 8) to United States and Canada (Region 1 and 
(6) Southeast Asia to Japan. For wheat, the marginal exports are from 
(1) United States and Canada to Europe 678.6 units, (2) South America to 
Europe 1,034.22 units, (3) Asia to United Kingdom 37.12 units, (4) Asia 
to Japan 474.2 units and (5) Asia to Australia 86.16 units. The marginal 
export flow from Asia to Australia does not mean that Australia actually 
have to import from Asia. This shows that for equilibrium under the 
present restraints, total export of Australia should be 86.16 units less 
than the initial export of 8,477 units (Table 3.13). 
Region l turns out to be an importer in rice under the marginal 
trading pattern. Actually it means that the total regional export of the 
United States and Canada should be equal to 1,565 units (Table 3.13) less 
the import it receives from the marginal trading . Region 1, in no case, 
actually imports rice. By holding back some exports, we are decreasing 
the domestic price of rice in Region 1 . But the price cannot fall below 
the floor price, and thus, the domestic price of Region 1 comes out to be 
exactly the floor price $147 .0/MTon . 
The magnitude of the total marginal import in rice is much less (43 
units) as compared to the free spatial equilibrium case (103 units). How-
ever, individual exports follow the same structure as in Table 3.9 (free 
spatial equilibrium). 
In case of wheat, Region 1 is undoubtedly the largest exporter in 
the world market. But as the demand elasticity of Region 1 i s very low, 
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the price is very sensitive. This means that domestic price increases 
quickly with export . The price ceiling $70 . 0 is reached at a level of 
marginal export of only 678 units1 (Table 3 .13) which is significantly 
smaller than the free spatial equilibrium export of 1,039 units (Table 
3.9) . Other export flows are of the same nature as in the case of free 
equilibrium. The only difference is the flow from South America to 
Australia (87 units ) , which replaces the flow from Asia to Australia 
(86 units) occurring in the f ree equilibrium solution (Table 3 . 9) . 
The t otal quantity of marginal trade in the system in the free model 
and the model with assumption (a) are 2,675 units and 2,641 units re-
spectively for rice and 2,514 units and 2,307 units respectively in 
wheat. 
Now let us discuss results of assumption (b) . The ceiling and 
floor prices used in the nine regions are tabulated in Table 3 . 15 . The 
equilibrium solution is characterized by following three types of regions. 
(1) Regions whose equilibrium prices hits the upper bound (ceiling), (2) 
regions with equilibrium prices fixed at the assumed floors (lower bound), 
and (3) regions with equilibrium prices within the upper and the lower 
bound. For rice (Table 3.15) we find that the most of the price limits 
are binding. The total volume marginal trade in the system is 1,270 units 
which is much less than the free equilibrium export of 2 ,675 units . Region 
7 (Asia) has the greatest share (30%) in the expor t market. As the demand 
1
1 unit = 1,000 metric tons. 
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elasticity of Region 7 is very high, the price sensitivity becomes lower 
(-.00425 compared with - .3894 in Europe according to Table 3 .9). Thus, 
Asia can export comparatively more under the rigid price limit than any 
other country having the same price limits, but lower demand elasticities. 
For wheat, however, most of the constrained equilibrium prices 
(Table 3.15) are within bounds. This shows that the free equilibrium 
prices were themselves close to the initial existing prices . Marginal 
export from Region 1 (United States and Canada) increases by 3%. All 
other exports decrease . Thus, we can naively conclude that U.S. will be 
better off in exporting wheat if other countries impose price bounds on 
their domestic markets. The experiment can be simulat ed for various 
levels of ceiling and f loors, also for different price bounds in dif-
ferent regions . 
Comparisons of constrained equilibrium solutions of 1966 and 1970 
Assuming bounds on price in Region 1 (United States and Canada) 
the volume of total marginal trade in 1970 turns out to be 3,383 units
1 
(Table 3.14) . It is much larger than that of year 1966 (2,241 units). 
The other export flows in rice are of similar value in both the years 
1966 and 1970. In wheat, the number of marginal flows are more in number 
in 1970 (seven in numbers) than in 1966 (five in number). The total volume 
of marginal trade is slightly greater in 1970 than in 1966 (2,998 units 
as compared to 2,309 units). 
1 
1 unit = 1,000 metric tons . 
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The results of assumption (b) for 1970 are shown in Table 3.16 . 
Marginal exports of rice are similar in structure in the two years 
except for Region 9 (Southeast Asia). Total volume of marginal export 
are nearly same in the two years (1,399 in 1970 and 1,269 in 1966) . 
Though total volume of export in wheat has increased in 1970 (2,526 
units as compared to 2,296 units in 1966), marginal exports from U. S. 
have decreased (938 units in 1970 and 1,201 units in 1966) . Significant 
decline in production of Region 1 (58,029 units
1 
in 1966 and 45,807 in 
1970) might be the cause of the reduction in export . 
Equilibrium with Export Subsidy and Import Tariff 
Introduction 
The role of an export subsidy in international trade is to increase 
volume of export . An export subsidy enables the foreign buyers t o pur-
chase at a price lower than the existing domestic price . Thus , demand 
for export increases . This artificial lowering of export price becomes 
very helpful for (a) getting rid of excess supply and (b) fulfilling 
priority in foreign exchange earning through export (for countries having 
adverse balance of payment). 
On the other hand, a tariff is generally imposed by the importing 
countries who want to discourage imports. The government imposes a tax 
on each quantity of import shipped into the country. 
1 . 
1 unit 1,000 metric tons. 
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In general in almost all countries there are s ubsidies or tariffs 
on some commodities. In the present dissertation we have considered (a) 
the effect of an export subsidy on wheat in Region (1) in both the years 
1966 and 1970 and (b) the effect of an import tariff on wheat in Region 
(4) in 1966 and in Region 9 in 1970. 
The rule of the simulation in this case are exactly the same as in 
the original algorithm (Chapter II). Only the transport cost matrix is 
changed accordingly (page 29 , Chapter II). We now discuss the simulated 
results of our international trade model under different assumptions of the 
level of export subsidies and import tariffs in the years 1966 and 1970 . 
Nature of 1966 and 1970 solution of equilibrium with export subsidy 
The level of export subsidy used was somewhat arbitrary . We selected 
a subsidy of 2% of the existing domestic price in Region 1 in 1966 . The 
numerical value of the subsidy becomes $1 . 2/MTon. Computationally, this 
means 1 . 2 should be subtracted from each element of row 1 of the transport 
cost matrix (Table 3.3) to arrive at an updated transport cost ma trix . 
The simulated results of this experiment is tabulated in Table 3.17 . 
Comparing with the situation of free equilibrium (Table 3 . 9) we find that 
the price in Region (1) becomes slightly higher ($75.78/MTon as compared 
to $75 . 39/MTon). As expected, export from Region 1 is higher in the model 
with subsidy (l ,065units
1
compared to 1,039 units) . The structure of 
other marginal export remain exactly the same . The equilibrium prices 
1
1 unit = 1,000 metric tons. 
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of the countries importing from Region 1 have decreased a little . This 
is expected as export subsidy means virtual reduction of export price. 
In 1970, the initial domestic price is less than that of 1966 . 
Thus the level of subsidy becomes $1.0/Mron, which is less than that of 
1966. The characteristics of the solution (Table 3.18) follow the same 
behavior discussed in the preceding paragraph. The equilibrium prices 
are slightly higher compared to the free model (Table 3.10). The export 
from Region 1 is large (1,227 units as compared to 1,169 units) in the 
model with subsidy. 
Nature ££_ 1966 and 1970 solution with import tariff 
Import tariff acts as a damping factor to the volume of import . We 
have selected Region 4 (Europe) as the experimental region for determin-
ing the effect of an import tariff on equilibrium. be canse . this trade and 
prices region has the largest volume of wheat import in the free equi-
librium solution (l,913 units) in 1966 . In 1970, we have a different 
situation. Region 9 (Japan) turns out to be the largest wheat importer 
(930 units). Import tariff has been imposed on this region in 1970 . The 
levels of tariff used are $2.0/Mron in 1966 for Region 4 and $3.00/Mron 
for Region 9 in 1970 (2% of the existing domestic price) . The results 
of the simulated experiment of determining the equilibrium trade and 
prices with an import tariff are tabulated in Tables 3 .19 and 3 . 20 re-
spectively. Comparing Tables 3 .19 and 3.9 we find that the equilibrium 
price of Region 4 is significantly higher in the model with import tariff 
Table 3 . 17 . Si mulated price a nd trade with export subsidy (2% of existing market price) on wheat in 
r egi on 1 in 1966 a 
Pr ice ($/Met ric ton) Trade (000 Metric tons) 
Region Initial Equilibrium I ni tial Equilibrium Rice Wheat 
r ice rice wheat wheat 
1 183 .70 96.41 59 . 85 75 . 78 b E21 103 . 00 El3 26.14 
2 59 . 99 89 . 12 50 . 00 72 . 95 E24 164 . 0 El4 1039.0 
3 N. A.c N.A. 84.00 81 . 58 E25 518.0 E24 875 . 0 
4 192.86 96.20 99.11 80 . 83 E79 1367 . 3 E210 87.0 
5 130 . 42 98.09 79.02 79 . 00 E89 523.0 E73 29.0 
6 N. A. N.A. 78.99 79.14 E79 485 . 0 
7 881.95 89 . 95 71. 32 73.36 
8 71. 52 90.97 N.A. N.A . 
9 216.86 98.14 115.00 81. 63 
10 N. A. N. A. 91. 00 81. 56 
aAssumed subsidy in Region 1 is $1.2/MTon. 
b 
Export f r om ith to j th region . E .. : 
c l.J 
N. A. : No t applicable . 
co 
...... 
Table 3.18. Simulated price and trad e with export subsidy (2% of existing market price) on wheat in 
region l in 1970 a 
Price ($/Metric ton) Trade (000 Metric tons) 
Region Initial Equilibrium Initial Equilibrium Rice Wheat 
rice rice wheat wheat 
1 176 . 00 62.31 53 . 00 66 . 79 
b 
E21 170.39 E13 144.64 
2 41. 00 55.14 53.75 63 . 45 E24 243.39 El 4 153.50 
3 N.A. 
c N.A. 125 . 00 73.75 E25 540.50 El9 930.00 
4 164.00 63 . 02 77.00 70.84 E75 895.00 E23 642 . 51 
5 115. 00 63 . 34 85.00 72 . 17 E79 1663 . 00 E24 704.00 
6 N.A. N.A. 84 . 00 77. 93 E25 448.00 
7 46.00 54.24 68.00 70.44 E26 136 . 20 
8 58.00 58.02 N.A. N.A. El06 50.20 
9 232.00 62.96 160.00 74. 04 
10 N.A. N.A. 59.00 68.82 
aAssumed subsidy in Region 1 is $1. 2/Mton. 
b Export from ith to jLh region. E .. : 
c l.J 
N.A .: Not applicable. 
OJ 
N 
Table 3.19. Simulated trade and price with import tariff (2% of the price existing in 1966) on 
wheat in region 4 in 1966 
Price ($/Metric ton) Trade (000 Metric tons) 
Region Initial Equilibrium Initial Equilibrium Rice Wheat 
rice rice wheat wheat 
1 183.70 96.41 59.85 74.40 E21 
a 103.00 El3 29.29 
2 59.99 88.96 50.00 72.19 E24 159.54 El4 943. 92 
3 N.A.b N.A. 84.00 82.38 E25 518.00 E24 843. 72 
4 192. 86 98.82 99.11 82 . 06 E79 1367 .30 E210 87.00 
5 130.42 98.09 79.02 79 . 00 E89 523.00 E73 11.28 
6 N.A. N.A. 78.99 69.14 E79 485.00 
7 81. 95 89.93 71. 32 73.23 
8 71.52 90.97 N.A. N.A. 
9 216.86 98.15 115.00 81.63 
10 N.A. N.A. 91.00 81.56 
a 
E .. : 
l.J 
Export from ith to j th region. 
b N.A.: Not ·applicable. 
00 
w 
Table 3.20. Simulated price and trade with import 
wheat in region 4 in 1970 
Price ($/Metric t on) 
Region Initial Equilibrium 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
a 
rice rice 
176.0 62.30 
41. 0 55.13 
N.A. b N.A. 
164.0 63.01 
115.0 63.34 
N.A. N.A. 
46.0 54.16 
58.0 58.02 
232.0 65.41 
N.A. N.A. 
E . . : Export f rom ith to jth r egion . 
1J 
b N.A. : Not applicable 
Initial 
wheat 
53 . 00 
53.75 
125.00 
77 . 00 
84 . 00 
84.00 
68 . 00 
N.A. 
160.00 
59.00 
tariff (2% of the price existing in 1970) in 
Trade (000 Metric tons) 
Equilibrium Rice Wheat 
wheat 
66.04 E21 
a 
170.40 El3 115. 91 
63.65 E24 243 . 40 El4 153.50 
73 . 04 E25 540. 50 El9 891. 55 
70.84 E75 895 . 00 E23 681 . 96 
72.16 E79 1638.90 E24 704.00 
77. 93 E25 448 . 00 
70.41 E26 136 . 20 co 
Jo-
N.A. El06 50.19 
77. 59 
68.82 
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(82.00 as compared t o 80 . 84) and the t otal quantity of export lesser 
(1,786 units as compared to 1,914 units). For 1970 we get price and 
trade of Region 9 as $77.59/MTon and 891 units respectively which can be 
compared with price and trade in the free price equilibrium solution 
($74. 04/MTon and 930 units according t o Table 3.10). I n t his way, our 
method of solution can quantitatively compute the effect of an import 
subsidy on price and trade. 
Sensitivity of export subsidy 
As pointed out earlier, export subsidy lowers the price which the 
buyers have to pay for the commodity . This causes rise in export demand 
of the countr y under consider ation . A naive measure of sensitivity of 
export demand with respect to the level of subsidy can be formulated by 
def ining the elasticity of export . 
Let P1 = equi librium domestic price of country 1 before declaring 
subsidy. 
P1 = equilibrium price of count ry 1 after declaring subsidy of 
6P/unit. 
In this situation, the price which the foreign buyers actually has 
t o pay to get one unit of the commodity from country 1 is equal to 
P
1 
- 6P. 
Further let 
E1 = f ree e quilibrium export of country 1. 
E1 = equilibrium export of country 1 after giving subsidy 6P/unit . 
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We define elasticity of export of country 1 
n = % change in export 
% change in export price 
The natural sign of n is negative meaning thereby that a 1% fall in 
expor t price will induce n:income in export . 
By lowering export price, country l can not only increase its 
existing export but it can also capture markets which were supplied by 
other countries before. Thus, corresponding to an appr opriate level of 
subsidy we can have a quantum jump in export . For the planning authority 
it will be of much interest to study the tradeoff between the level of 
export subsidy and the expansion of potential export market . 
We have done experiments with different levels of export subsidies 
(2%, 5% and 7% of the free equilibr ium prices existing in these years) 
imposed on Region 1 in both the years 1966 and 1970 . The computed elas-
ticities of exports together with relevant data are given in Table 3 . 21 . 
In 1970 the demand for export from Region 1 was inherently higher than in 
1966 (elasticity - 10 . 12 compar ed with - 2.34 in 1966) due to a decline in 
total wheat produc tion of the regions considered (170,647 units1 in 1970 
compar ed with 183, 148 units in 1969) . Though the elasticity figures com-
puted r eveal the actual marke t situation in a very crude way , yet we can 
11 . unit 1,000 metric tons . 
Table 3. 21. Elasticities of export of wheat in region 1 computed from the simulated experiments 
2% Subsidi'. 5% Subsidy 7% Subsidi: 
1966 1970 1966 1970 1966 1970 
Situations simulated ($1. 2/MTon) ($1. 0/MTon) ($2 . 9/MTon) ($2 .65 /MTon) ($4. 2/MTon) ($3.7/MTon) 
Equilibrium price 
without subsidy 75.39 66.12 75.39 66.12 75.39 66 .12 
Equilibrium trade 
without subsidy 1039.0 1169. 0 1039.0 1169. 0 1039 . 0 1169.0 
Equilibrium price 
with subsidy 75.78 66. 79 77. 23 68 . 09 78.13 69 . 12 
Equilibrium price with 
subsidy less the subsidy 74.58 65.79 74.33 65.44 73.93 65.42 CX> -...J 
Equilibrium trade with 
subsidy 1065.0 1227 . 0 1162.1 1344.0 1222.0 1434.0 
Change in trade 26 . 0 58.0 123.0 175.0 183.0 265.0 
Elasticity -2.34 -10 .12 -8.45 -14.53 -9.12 -21. 38 
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come to a very interesting conclusion . In 1966 the elasticit ies of 
export wi t h respec t t o 2% and 7% subsidies were comput ed as - 2 . 34 and 
- 8 . 45 respec t ively . At 7% subsidy elasticity has incr eased t o only 
- 9.12. But in 1970 the significant increase in elasticity was from 5% 
subsidy level to 7% subsidy level (-14.53 to -21.38) . Thus the optimal 
level of subsidy should be 5% in 1966 but 7% in 1970 . This method of 
quantitative deter mination of impact of export subsidies on price and 
exports can thus be extended to answer crucial policy question regarding 
magnitudes of subsidies. 
89 
CHAPTER IV. SOME EXTENSIONS OF THE PRESENT METHODOLOGY 
The present method for solving the spatial equilibrium problems, 
developed so far, can be suitably extended to take care of more substi-
tute commodities and more regions. In this chapter we will discuss 
some new aspects which can also be easily incorporated in the present 
framework of the model and the solution algorithm. 
The Spatial Equilibrium Simulation as a Forecasting Model 
To predict price and trade in future we have to compute reliable 
estimates of production, population and income. We can set up the model 
in two different ways. Either we can separately estimate the future 
per capita production and then plug the estimated value in the model or 
we can treat production as an endogenous sector. The second way seems 
to be better as it makes the model dynamic. Nerlovian type of supply re-
sponse equation can be estimated for each of the regions. In these sup-
ply response equations we get planted acreage of a crop as a function of 
some suitable lagged price of the crop. The crop yield can be treated 
as a separate subsector consisting of ~uch independent variables as 
technology, weather, etc . The model now can be formulated in the appr o-
priate way such that once initiated for the base period, it will generate 
a time path of production, trade and equilibrium prices over the entire 
horizon specified. Effects of changing the parameter values (demand elas-
ticities, transport cost, income coefficient) can be evaluated for the 
whole time period. 
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A Stochastic Simulation 
No model can claim reliability in forecasting a ny real world 
phenomenon without incorporating the basic uncertainty associated with 
it. The easiest way to incorporate the uncertainty in our model is to 
consider the error variance of each of the regression equations used . 
Then a Monte- Carlo type simulation can be used to randomly generat e the 
2 
errors from a normal distribution with mean 0 and variance a . These 
errors can then be added to the predicted values of the variables . In 
this way the simulation model will become stochastic in nature. We can 
use the same solution algorithm for this stochastic simulation. 
Introduction of Buffer Stock 
Buffer stock is another effective method to stabilize supply . But 
in our present framework, buffer stock should be used purely as a device 
of price stabilization which will identically stabili ze supply . Let us 
suppose that we are interested in keeping the world price within certain 
bounds . As pr oduction, in other words availability, has a strong depen-
dence on the price, bounds on the price will automatically incorporate 
proper restraints on availability . We are interested in determining the 
volume of buffer stock required to achieve the goal of price stabilization . 
In the model intr oducing buffer stock operation , it is assumed that 
there will be a buffer for the world as a whole. The buffer in the first 
instance will be designated as another region which may buy unlimited 
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quantities if the price in the market goes below the lower bound of the 
fixed statutory and will sell unlimited quantities if the market price 
exceeds the upper bound. The single commodity model can be formulated as 
follows . Let us assume demand func tions of the following type: 
P . 
1 
a . - 8 . ( TI . + M. 
1 1 1 1 
where Mi, Ei is import and export of ith region. 
n., Y. is production and income of the ith r egion. 
1 1 
In equilibrium, we should have the f ollowing s truc ture : 
P. 
1 
P. 
1 
P. 
1 
P. 
1 
- P. > 
J 
- Pu < b 
- Pu 
b 
> 
= 0 
Tij' E .• > 0 ]1 
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Thi' Ebi > 0 
Pl - P T E 0 b i ~ bi' ib 
P
1 
- P > T E 0 b i bi' ib > 
u 1 
where Pb and Pb are upper limit and lower limit of prices. 
The solution algorithim can be suitabily modified to take the added 
"buffer" constraints into account . 
Inter-Temporal Price Equilibrium 
The introduction of the buffer stock becomes very interesting in 
the inter-temporal models where consumption can be deferred from one 
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period to another period in future. In these models the commodities can 
flow from one period to another period . Mathematically the model is 
characterized as follows . Assume demand functions of type: 
t 
a. 
1 
(i,t = 1 --- n) 
where superscript "t" is for period. 
The equilibrium conditions are as follows: 
(1) p~2 
1 
1 --- n ) 
= 1 - -- n) and t 2 < t 1 
t1 --- n) 
···here St_ 1t2 ·. · · f d w J storage cost in region j rom perio t
1 
to t
2
. 
t t 2 where Ejt : export from jth region is period t
1 
to ith region in 
period 2. 
These types of models will be very appropriate to evaluate empirically, 
both from theoretical and practical standpoint. 
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CHAPTER V. SUMMARY AND CONCLUSION 
This dissertation is completed as a pilot model of a proposed 
simulation study of world food situation--supply, demand and trade. 
Hence in this last chapter we discuss our achievements from the present 
study and how they can be utilized i n formulating a more disaggregated 
world trade model. 
In the first chapter we have defined and explained the problem of 
spatial equilibrium. In the second chapter we have somewhat reformu-
lated the problem and have developed a suitable solution alogrithm in 
detail. This chapter has been of special interest because for the first 
time a trial and error computer algorithm has been formally developed to 
solve a nonlinear equilibrium problem. By the term formal we mean an 
algorithm with the usual convergence properties . It turned out that 
using this algorithm in place of the usual quadratic programming algorithm 
has many advantages from both theoretical and computational standpoint . 
Possible extensions of the algorithm and the computer logic have also 
been discussed in Chapter II. 
The experiments and their results have been dealt in Chapter III . 
Three types of experiments were formulated and carried out in this 
chapter . The first was to determine and analyze the free spatial equi-
librium prices and trades of wheat and rice separately in all the ten 
regions for the years 1966 and 1970 . Later on, substitution between 
wheat and rice was introduced. The effects of incorporating substitution 
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between the conunodities on the structure of the equilibrium trade and 
price have been studied in detail. Thus, we have been able to solve a 
simple international trade model quantita tively . Then we have discussed 
the change of the simulated equilibrium structure of trade between the 
years 1966 and 1970. 
In the second and third experiment we have introduced some realistic 
constraints on the free equilibrium model. To check outflow (export) we 
have incorporated a ceiling price. For limiting the import, a floor 
price has been used. Bounds on prices means relevant bounds on quantities 
of export and imports. For analyzing the effects of the price bounds. 
Region (1) i . e . , U. S. and Canada was taken as first group and the rest of 
the regions as the second group. Effect of price policies adopted'in 
Region (1) on the trade and the prices of the rest of the world and vice 
versa have been analyzed. It was concluded that according to the present 
model, Region (1) (U . S . and Canada) can export more if all the other 
countries enforce bounds on their domestic prices. 
In the third experiment we have studied the effects of an export 
subsidy and import tariff on the simulated equilibrium prices and trades . 
Region (1) (U . S. and Canada) was taken as an illustrative region to 
analyze the effect of export subsidy . Elasticities of U. S . exports were 
then calculated corresponding to various levels of subsidies . These simu-
lated elasticities could be taken as a measure of "export sensitivity" to 
select an optimal levels of subsidies . 
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Effect of an import tariff on the equilibrium situation, though 
analyzed only for Europe for 1966 and for Japan in 1970, could be simu-
lated for different regions at different levels . 
In this way, the experiments discussed in the present thesis have 
the potential to answer specific policy questions quantitatively by simu-
lating the effects of their implementation. 
In Chapter IV some extension of the experiments have been developed. 
The most important is the model including buffer stock. One of the solu-
tions to the present food problem which has been put forward in the World 
Food Conference in 1974 was to set up an international buffer stock. It 
will be of great help to the planners if we can come up with some idea 
regarding quantity of buffer stock and its optimal location. 
We hope to extend the present set of experiments to analyze such 
important issues in an extensive modelling experiment. 
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APPENDIX 
Detailed breakdown of the regions (18). 
Region .!_ 
United States and Canada. 
Region ~ 
British Hondurus, Costa Rica, El Salvador, Guatemala, Hondurus , 
Nicaragua, Panama, Brazil, Guyana, Paraguay, Surinam, Uruguay, Venezuela, 
Bolivia, Chile, Colombia, Equador, Peru, Argentina . 
Region l 
United Kingdom . 
Region !!._ 
Belgium, Luxemburg, France, German Republic, Italy, Netherland, 
Austria, Denmark, Greece, Finland, Ireland, Malta, Iceland, Portugal, 
Norway, Spain, Sweden, Switzerland. 
Region ~ 
Algeria, United Arab Republic, Libya, Morocco, Sudan, Tunicia, 
Angola, Cameron, Chad, Congo, Dahomy, Gabon , Gambia, Guinea, Lyberia, 
Mali, Mauritiana, Nigeria, Togo, Botswana, Burundi, Ethiopia, Kenya, 
Lesotho, Malagasi Republic, Malawi, Mauritius, Mozambique, Rhodesia, 
Rwanda, Somalia, Tanzania, Swaziland, Uganda, Zambia, South Africa . 
• 
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Region ~ 
Baher in, Cyprus , Iran , I r aq, Israel, Jordan, Kuwait , Lebanon , Oman, 
Qua tar, Muscat , Yemen, Turkey, Syria. 
Region ]_ 
Afganisthan, Bhutan , Ceylon, India, Pakistan, Bangladesh. 
Region ~ 
Burma, Laos, Cambodia, South Vietnam, Thailand, Taiwan, Indonesia, 
Korea, Macao, Malyasia, Philippines. 
Region .2_ 
Japan. 
Region 10 
Australia and New Zealand. 
